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NEW INHIBnX»RS OF lAlP FIBHIL 70IIMATI0N AND USES IHEREOF 

RELATED APPUCATlOm 

This application dauns the benefit of priority iindesr 35 U-S.C. 1 19(e) to copending U.S. 
Provisional Application No. 60/233,482, filed on September 19, 2000, the entire contents of 
8 which arc incoiporated herein by reference. 

BACKGROUND OF THE INVENTION 
The invention relates to new antifilnillogemc agents, a composition containing same 
and a method of using these new aoxtiiibrillogenic agents fyr inhibiting amyloid fibril 
Ssnaation. 

10 Amyloidosis re&rs to a pathological condition characterized by ttn presence of amyloid 

fibers. Amyloid is a generic term reftaiingto a group of 'diverse but specific protein deposits 
Qatracellulax and/or extracellular), which are seen in a nmnbw of different diseases. Though 
diverse in their occurrence, all amyloid deposits have common morphologic properties, stain 
with specific dyes (e.g., Congo red), and have a characteristic red-green birefiingeot 

15 appearance in polar^ed aSer staining. They also share common ufirastnictuial fiatnres . 
and conunon x-iay diffraciion and infiaired speOra. 

Amyloid-ffilatBd ttiseases con eidier be restricted to one oigan or spread to several 
organs. The first instance is referred to as "localized aniiyloldosis" while the second is lefeired 
. to as "systemic aotyloidosi;^'. 

20 Some amylaidotie diseases can be idiopathic, but most of tiiese diseases f^ppear as a 

complication of a previously existing disorder. For example, primary amyloidosis can appear 
without any other pathology or can follow plasma cell dyscrasia or multiple myeloma. 
Secondary amyloidosis is usually seen associated vviih chronic infection (sndi as tubercidosis) 
or chronic Inflanunation (such as ilieumatDid ai^ritis). A &milial Sacm of secondary 

2S amyloidosis is also seen in Faoultal Meditenanean Fever CFMF). This &nulial xype of 
amyloidosis, as one of the oftcrtypes of fimilial amyloidosis, is genetically inherited and is 
fbiiid m specific population groins. In these two ^s of amyloidosis, deposits are found m 
several organs and are thus considered systemic amyloid diseases. Another type of systemic 
amyloidosis is found m long-term hemodialysis patients. M each of these cases, a fiffaent 

30 amyloidogenic protein is involved in amylcriddepositiMi. 
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5 "Localized amyloidoses" are those that tend to involve a single organ 

system, Different amyloids are also characterized by the type of protein present in 
the deposit. For example, neurodegenerative diseases such as scrapie, bovine 
spongiform encephalitis, Creutzfeldt-Jakob disease and the like are characterized by 
the appearance and accumulation of a protease-resistant form of a prion protdn 

10 (referred to as AScr or PrP-27) in the central nrarvous system. Similarly, 
Alzheimer's disease, another neuxodegenerative disotdier, is characterized by 
neoiitic plaques and neurofibrillary tangles. In this case, fhe plaque and blood 
vessel amyloid is formed by the deposition of fibrillar Ap amyloid protein. Olha: 
diseases such as adult-onset diabetes (Type n diabetes) are characterized by the 

1 5 localized accumiilation of amyloid in the pancreas. Amyloid deposits are present in 
pancreatic islets of up to 96% of patients with Non-Insulin Dependent Diabetes 
(NIDDM) at post-mortem. These fibrillar accumulations result Scorn the 
aggregation of the islet amyloid polypeptide (lAPP), also known as amylin. 

Once these amyloids have formed, there is no known, widely accepted 
20 therapy or treatment which significantly dissolves the deposits in situ. 

Bach amyloidogenic protein has the ability to organize into p-sheets and to 
form insoluble fibrils that get deposited extraceUularly or intracellularly. Bach 
amyloidogenic protein, althougji differmt in amino acid sequence, has the same 
property of fisrming fibrils and binding to other elements such as proteoglycan, 
25 amyloid F and complement component Moreover, each amyloidogenic protein has 
amino acid sequences which, although different, will show similarities &uch as 
regions with the ability to bind to the glycosaminoglycan (GAG) portion of 
proteoglycan (referred to as the GAG binding site) as well as other regions which 
will promote p-sheet formation. 
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This suggests tihtat amyloid fibrils are foimed by a similar proteia misfolding 
pathway and llierefore Iberapeutic IntorveatiaDS to control their folding may be 
beaefidal for all amyloid proteins. The associated proteins are the amyloid-p (Ap) 
protein in AD and the islet amyloid polypeptide (lAPP) in Type-II diabetes. Li both 
5 AD and Type-II diabetes, amyloid plays a key role which suggests that prevention 
of plaque formation 'mU have significant therapeutic benefits. 

In specific cases, amyloidotic fibrils, once deposited, can become toxic to 
the surrounding cells. As per sample, the Ap fibrils organized as senile plaques 
have been shown to be associated with dead neuronal cells and microgliosis in 
10 patients with Alzheimer's disease. When tested in -vitro, Ap peptide was shown to 
be capable of triggering an activation process of microglia (brain macrophage), 
which would explain the presence of microgliosis and brain inflammation found in 
the brain of patients with Al2ihmn«:'8 disease. 

In another type of amyloidosis seen in patients with Type II diabetes, and in 
1 5 patients with Type I diabetes post-transplantation, the amyloidogenic protein lAPP 
has been shown to induce p-islet cell toxicity in vitro. Hence, appearance of lAPP 
fibrils in the pancreas of Type II or Type I diabetic patients could contribute to the 
loss of the p islet cells (Langerhaus) and organ dysfimction. 

People suffering from Alzheimer's disease develop a progressive dementia 
20 in adulthood, accompanied by three main structural changes in the brain: diflEuse 
loss of neurons in multiple parts of the brain; accumulation of intracellular protein 
deposits termed neurofibrillary tangles; and accumulation of extracellular protein 
deposits termed amyloid or s^e plaques, surrounded by misshapen nerve 
t^minals (dystrophic neurites). A main constituent of these amyloid plaques is the 
25 amyloid-P peptide (AP), a 40-42 amino-acid protein that is produced through 
cleavage of the p-amyloid precursor protein (AFP). Although syniptomatic 
treatinents exist for Alzheimer's disease, this disease cannot be prevented nor cured 
at this time. 
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Amvloid-P And Alzheimer's Disease 

Deposition of amyloid-P protein (Ap) fibrils is an invariant feature of AD 
and is considered to be a major contributing factor to neuronal death and clinical 
dementia. Ap is a proteolytic fragment of the P-amyloid precursor protein (p APP), 
5 which accumulates in the neurophils as senile plaques and within cerebral blood 
vessels. These abnormal filamentous deposits co-localize with dystrophic neurites 
and reactive gliosis. Similarly, the cerebrovascular amyloid disruption of integral 
blood brain barriers may be a key factor in eliciting detrimeatal inflaimnatory 
responses leading to neuronal dysj&inction, AP processing and deposition appear to 
10 be pivotal processes in AD pathogenesis which is supported by a number of lines of 
evidence. The strongest link is provided by the familial AD cases fhat result from 
mutations in either the APP or presenilin genes which diq)lay abnormal APP 
processing and herald an early onset and acceleration of the disease process. 

Sequencing of AP a decade ago provided a catalyst for Alzheimer's research 
1 5 and quickly led to the cloning of the encoding gene. Ap represents an internal 
sequence of the membrane-associated amyloid-p precursor protein (APP) that is 
organized into a large extracellular domain, a smgje transmembrane helix and a 
short cytoplasmic tail. Ap constitutes 28 residues H-teiminal to the extracellular- 
transmembrane intsc&ce as well as 12-14 residues of the transmembrane domain. 

20 Previous investigations have demonstrated that synthetic Ap and its various 

fragments will spontaneously assemble into amyloid-like fibrils. 

In vitro peptide studies have identified important domains within the Ap 
sequence, which facilitate aggregation and fibrillogenesis. For example, histidine 
residues at positions 13 and 14 appear to play a critical role in fibril formation as 
25 shown by the pH dependence of the p-conformation (Fraser, P. E. et al, JMol Biol 
244(l):64-73, 1994; and Wood et al, J Biol Chem 271:4086-4092, 1996). In 
addition, truncated and mutated peptides indicate that Ap has two principal p-sheet 
domains spanning residues 1 0-25 and 3 0-42 possibly linked by a-tums. 
Interactions between both domains are essential for promoting aggregation as 
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exemplified by the observation that small peptides derived from the 10-25 sequence 
(KLVFFA (SEQ ID NO. 25); residues 16-21) can inhibit fibril formation. Electrtm 
microscopy studies of amyloid plaques from AD tissue have revealed that fibrillar 
Ap has an additional level of organization, which has been termed "protofilaments" 
5 (Seipell et al JMolBiol 300:1033-1039, 2000). These small, fibril substinctures 
laterally aggregate to produce the final amyloid fibril. 

The C-terminal sequence has been extensively investigated and sigpificaiit 
diffarences between the Apl-40 and. Api-42 isoforms have been observed (Jarret et ■ 
al.. Biochemistry 32:4694-4697, 1993; and Jairet and Lansbury, Cell 73:1055-1056, 

10 1993), Peptides containing the final two residues (Leu41-Val42) ejchibit increased 
aggregation and a greater propensity towards fibril formation. The importance of 
the Ap42 isoform is fijrfher demonstrated by its association witii fiimilial forms of 
AD. Mutations in either the APP or presenilin genes, which are related to eariy ' 
onset AD, all result in significantly elevated levels of the Ap42, which may 

15 represent the nucleating "seed" that initiates Ap polymerization. 

Islet Amvloid Polypeptide And Diabetes 

Amyloid deposits are present in pancreatic islets of up to 96% of patients 
with Non-Insulin Depetident Diabetes (NIDDM) at post-mortem. These fibrillar 
accumulations result fi»m the aggregation of the islet amyloid polypeptide (lAPP) 

20 or amylin, which is a 37 amino acid peptide, derived fixim a larger precursor 

peptide, pro-IAPP. lAPP co-localizes and is co-secreted with insulin in response to 
p-ceU secretagogaes. This pathological feature is not associated with insulin- 
dependent diabetes and is a unifying characteristu; for Has heterogeneous clinical 
phenotypes diagnosed as NIDDM. The causal fectors for islet amyloidosis and its 

25 role in the disease process have yet to be determined. However, longitudinal studies 
in cats and immunocytochemical investigations in monkeys have shown that a 
progressive increase in islet amyloid is assodated with a dramatic decrease in the 
population of iEBuhn-secreting P-cells and increased severity of the disease. More 
recently, transgenic approaches have strraigthaied the relationship of lAPP plaque 
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foimation and P-cell dysfunction, which indicates that amyloid deposition is a 
principal factor in Type-II diabetes. 

Islet hyalinosis (amyloid deposition) was first described over a century ago 
as the presence of fibrous protein aggregates in the pancreas of patients with severe 
5 hyperglycemia (Opie, EL., J Exp. Med. S: 397-428, 1990). Today, islet amyloid, 
composed predominantly of islet amyloid polypeptide (lAPP), or amylin, is a 
characteristic histopathological marker in over 90% of all cases of Type^H diabetes. 

The mature lAPP molecule is a 37 residue peptide synttesized in the 
pancreas, and is co-localized with insulin in p-cell dense core secretory granules. 
10 Since lAPP is co-secreted with insulin, it has been suggested that lAPP plays a role 
in regulating blood glucose by controlhng insulin secretion. The presence of 
soluble lAPP in the plasma itself is normally not problematic. In patients with 
Type-n diabetes, however, the accumulation of pancreatic 3APP leads to a buildup 
of lAPP-amyloid as insoluble fibrous deposits which eventually replace the insulin- 
is producing P cells of the islet resultrog in P cell depletion and failure (Westermark, 
P., Grimelius, 1.., Acta Path. Microbiol Seand. sect. A. 81: 291-300, 1973; de 
Koning, EJP., et al,Diabetologia 36: 378-384, 1993; and Loraizo, A., et al., 
Natttre36S: 756-760, 1994). 

The feet that lAPP fibrillar aggregates are present in the pancreases of 
20 patients with severe Type-II diabetes and p-cell failure is evident However, 

detennining whether fibrillar lAPP is toxic to p-cells as well as the conditions that 
lead to aggregation of this peptide are currently areas of great interest. It has been 
suggested that differing levels of glycosylation may lead to a pool of peptide that is 
more dipt to be involved in aggregation. Other studies have suggested that in Type- 
25 n diabetes, incomplete enzymatic processing of lAPP &om its precursor pro-IAPP 
by the prohormone convertase PC2 may joovide a level of aggregatable peptide 
needed for the "seeding" of amyloid fibrils. Still other studies have examined the 
properties contained in the amino acid sequence of human lAPP that make it prone 
to aggregation as compared to rodent lAPP which does not form typical amyloid 

-6- 
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fibrils (Johnson, KHL, et al, N. Engl. J. Med 321: 513-518, 1989; andMoriarty, DF., 
'Ral^^DP. Biochemistry 3S: 1811-1818, 1999). 

lAPP amyloid has many features in common with cerebral amyloid formed 
in Alzheimer's disease from the amyloid-P (AP) peptide. Both amyloid diseases are 
5 progressive and age-related and associated with irreversible deterioration in cellnlar 
function. Neither pathological conditions require synthesis of a mutated form of the 
peptide and both component peptides aire derived ftom a teger precursor and form 
morphologically similar amyloid fibrils. 

lAPP contains three principal domains that contribute to fibril formation. 
1 0 These domains have been identified by looking at different peptide fi:agments and 
also througih the effects of the proline mutations in the rodent sequence, which does 
not form amyloid fibrils. The initial N-tetminal domain, disulfide bridge (residues 2 
and 7) is not caitical to amyloid fibril formation. 

Diseases caused by the death or malfunctioning of a particular type or types 
1 5 of cells can be treated by transplanting into the patient healthy cells of the relevant 
type of cell. This approach has been used for Type I diabetic patients. Often these 
cells are cultured in vitro prior to transplantation to increase their numbers, to allow 
them to recover after the isolation procedure or to reduce their immunogenicity. 
However, in many instances the transplants are unsuccessful, due to the death of the 
20 transplanted cells. One reason for this poor success rate may be lAPP, which can 
form fibrils and become toxic to the cells in vitro. In addition, lAPP fibrils are 
likely to continue to grow after the cells are transplanted and cause deafli or 
dysfunction of Ihe cells. This may occur even when the cells are from a healthy 
donor and when the patient receivmg the transplant does not have a disease tiiat is 
25 characterized by tiie presence of fibrils. 

SUMMARY OF THE INVENTION 

The inventi(m relates to, inter alia, in vitro and in vivo inhibitors of amyloid 
fibril formation. These inhibitors are, e.g., peptides which are capable of controUing 
lAPP aggregation and amyloid formation. This property may be used 
30 advantageously in other embodiments of the invention as disclosed hereia. 

-7- 
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In one embodiment, the peptides may be 
ATQRLANFLVHSSSSNNFGAILSSTN (SEQIDNO. 1); ATQRLANFLYHSS 
(SEQ ID NO. 2); NVGSNTY (SEQ ID NO. 3); SSNNFGAILSSTN (SEQ ID NO. 
4); ATQRLA (SEQ ID NO. 5); LANFLV (SEQ ID NO. 6); ANFLVH (SEQ ID NO. 
5 7); NFLVHS (SEQ ID NO. 8); ELVHSS (SEQ ID NO. 9); SSNNFG (SEQ ID NO. 
10): SNNFGA (SEQ ID NO. 1 1); NNFGAI (SEQ ID NO. 12); FGAILS (SEQ ID 
NO. 13); GAILSS (SEQ ID NO. 14); AILSST (SEQ ID NO. 15); ILSSTN (SEQ ID 
NO. 16); NVGSNT (SEQ ID NO. 17); or VGSNXy (SEQ ID NO. 18); or isomers, 
letro or retto-inverso isomers, peptidomimetics or salts thereof. The agents may 
10 also be all-[D] isomers, all-[L] isomers, or a mdxture of [L] and [D] isomers of the 
peptide. 

These antUSbrillogeoic agents may advantageously be used in &e.treatment 
oj^ e.g., cultured pancreatic islet cells in vitro prior to transplantation, for the 
treatment of type I diabetes patients, e.g., post-transplantation, to prevent or inhibit 
1 5 fibril formation in the transfplanted cells. 

The antifibrillogenic agents and methods of the invention may 
advantageously be used in preventing or delaying the progression of, notably, 
diabetes CType I or Type H), and as inhibitors of fibril formation for controlling 
folding or deposition of amyloid proteins. 

20 Another embodiment of the invention relates to peptides; or isomers, retro or 

retro-inverso isomers, peptidomimetics, or salts thereof, for inhibiting amyloidosis 
and/or for cytoprotection. Such peptides may be ATQRLA (SEQ ID NO. 5), 
LANFLV (SEQ ID NO. 6), ANFLVH (SEQ ID NO. 7), NFLVHS (SEQ ID NO. 8), 
FLVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID NO. 10), SNNFGA (SEQ ID NO. 

25 11), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ ID NO. 13), GAILSS (SEQ ID 
NO. 14), AILSST (SEQ ID NO. 15), ILSSTN (SEQ ID NO. 16), NVGSNT (SEQ 
ID NO. 17), or VGSNTY (SEQ ID NO. 1 8). 

The invention also provides peptides for inhibiting amyloidosis and/or for 
cytoprotection, where the pqptide binds to a sequence selected &om 
30 ATQRLANFLVHSSSSNNFGAILSSTN (SEQ ID NO. 1), ATQRLANFLVHSS 
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(SEQ ID NO. 2), NVGSNTY (SEQ ID NO. 3) SSNNFGAILSSTN (SEQ ID NO. 4), 
ATQRLA (SEQ ID NO. 5), LANFLV (SEQ ID NO. 6), ANPLVH (SEQ ID NO. 7), 
NFLVHS (SEQ ID NO. 8), FLVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID NO. 10), 
SNNFGA (SEQ ID NO. 1 1), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ ID NO. 

5 13), GAILSS (SEQ ID NO. 14), AILSST (SEQ ID NO. 15). ILSSTN (SEQ ID NO. 
16), NVGSNT (SEQ ID NO. 17), and VGSNTY (SEQ ID NO. 18). Upon binding 
to the sequence, fibril fonnation and amyloidosis are prevented. The peptide may 
desirably be SSNNFG (SEQ ID NO. 10), SNNFGA (SEQ ID NO. 11), GAILSS 
(SEQ ID NO. 14), AILSST (SEQ ID NO. 15), LANFLV (SBQ ID NO. 6) or 

10 ANFLVH (SBQ ID NO. 7). 

The invention also relates to Idjeled conjugates for in vivo imaging of 
amyloid deposits featuring a conjugate of formula I: 

At — k-^\ri&-Kh (T) 

z 

where z is 0 or 1; At is an antifibrillogenic agent as defined above; Abk is a 
15 linker moiety; and Aut is a labeling moiety that allows for said in vivo imaging. 
Desirably, Ajab is a radiolabeling moiety, and is more preferably ^^"Tc, ^'Xc, ^Cu, 
'^Cu, "Ru, "'Pd, i«^e, ^^^Re, ''V """In, '"^Gd, '"Y, ^»Sm, '"^o, ^^^Au, ^'''Au, 
'^Sr, "'Sr, '°*T1, '^Cr, ""Ga, ^Co, ^Co, '^L "^I or The labeled 
conjugate may also be formulated in a composition for in vivo imagmg of amyloid 
20 dqposits. Such composition may coinprise a therapeutically effective amount of a 
labeled conjugate as defined above in association with a phannaceutically 
acceptable carrier. 

The invention also includes compositions for the treatment of amyloidosis 
disorders in a patient, including a therapeutically effective amount of an 

25 aDtifibriUogeoic agent as defined above with a phannaceutically acceptable carrier; 
and methods for the treatment of amyloidosis disorders in a patient, wheredn a 
therapeutically effective amount of the antifibrillogaoic agent is administered to a 
patient in need of such treatment. In an embodiment, the compositions of the 
invention may be administered in conjunction with insulin, or in conjunction with 

30 sulfonylurea and glucose sensitizers, e.g., in a treatment for diabetes. 
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Processes for the preparation of cells suitable for transplantation into a 
mammal, which cells are capable of forming amyloid deposits or of evoking 
endogenous amyloid dq)ositian once transplanted, are also disclosed. The 
processes include contacting such cells in vitro wi^Vae antifibdUogenic agent The 
5 antifibrillogenic agent causes a bieakdovm of amyloid deposits (the deposits having 
been foaaed by the cells prior to condng in contact with the antifibrillogenic agent). 
In order to qptimize the survival of cells, the cells may desirably be cultured in the 
presence of fhs antifibrillogenic agexA. 

The invention further includes methods for treating Type I diabetes patients 
1 0 post-transplantetion, wherein an antifibrillogenic agent of the invention is 

administeared to a Type I diabetes patioit, so that amyloid deposit formation and 
amyloidosis is iiihibited, prev^ted and/or reduced. 

The use of antifibrillogemc agents, compositions containing same or 
compounds as described above for the various methods described above, or for 
1 5 inanufectuiing a medicament or a composition for use in the various methods 
described above, toe also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates the sequence of the amyloid-p (Ap) peptide and its 
proposed structural domains; 
20 Fig. 2 illustrates hexapeptides to be examined and thek correspondence to 

the primary sequence of lAPP; 

Figs. 3 A to 3C illustrate the conformation of lAPP peptides assessed by 
protein spectroscopy; 

Figs. 4A to 4D illustrate changes in the conformation of lAPP following 
25 incubation with peptide JBragments; 

Figs 5A to 5D illustrate electron micrographs of lAPP following 48 hour 
incubation with inhibitoiy peptides; 

Figs. 6A to 6C ilhistrate confonnational changes in lAPP as a fimction of 
inhibitor concentration; 

-10- 
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Figs. 7A and 7B illustrate electron micrographs of lAPP fibrils afteo: 
incubation with GAILSS (SEQ ID NO. 14) (Fig. 7A), or SNNFGA (SEQ E> NO. 
ll)(Fig.7B); 

Fig. 8 illustrates a sedimaitation assay to determine the relative amount of 
5 soluble and insoluble lAPP; 

Figs. 9A and 9B illustrate changes in the confoimation of lAPP following 
incubation with ERA-012 pigjtide; 

Figs. IDA and lOB illustrate changes in the conformation of lAPP following 
incubation with ERA-013 peptide; 

10 Figs. IIA and IIB illustrate changes in the conformation of lAPP following 

incubation with EElA-014 peptide; 

Figs. 12A and 12B illustrate changes in the conformation of lAPP following 
incubation with FRA-015 peptide; 

Figs. 13A and 13B illustrate changes in the conformation of lAPP following 
15 incubation with FRA-016 peptide; 

Figs. 14 A and 14B illustrate changes in the conformation of lAPP following 
incubation with FRA-019 peptide; 

Figs. 15A and 15B illustrate changes in the conformation of lAPP following 
incubation with FRA-017 peptide; 
20 Figs. 16A and 16B illustrate changes in the confoimation of lAPP following 

incubation with FRA-018 peptide; 

Fl^s. 17A and 17B illustrate electron micrographs of lAPP fibrils after 
incubation with FElA-012 peptide at 1:10 (Pig. 17A) or 1:20 (Fig. 17B) dilution; 

F^s. ISA and 18B illustrate electron micrographs of lAPP fibrils after 
25 incubation wilJx FElA-013 pq)tide magnified 5000X (Fig. 18A) or 20,000X (Fig. 
18B) for a 1:10 dilution of the pqrtide; 

-11- 
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Figs. 19 A and 19B illustrate electron micrographs of lAPP fibrils after 
incubadon wifli KElA-014 peptide at 1 :10 (Fig. 19A; magnification 2000X) or 1 :20 
(Fig. 19B; magnification 20,00030 dilution; 

Figs. 20A and 20B illustrate electron micrographs of lAPP fibrils after 
5 incubation with FRA-015 peptide at 1 : 1 0 (Fig. 20A) or 1 :20 (Fig. 20B) dHution; 

Figs. 21A and 21B illustrate electron micrographs of lAPP fibrils after 
incubation with FRA-016 peptide at 1:10 (Fig. 21A) or 1:20 (Fig. 21B) dilution; 

Figs. 22A and 22B illustrate electron micrographs of lAPP fibrils after 
incubation wifhFRA-019 peptide at 1:10 (Fig. 22A) or 1:20 (Fig. 22B) dilution; 

10 Figs. 23A and 23B illustrate electron microgr^hs of LAPP fibrils after 

incubation with FRA-017 peptide at 1:10 (Fig. 23A) or 1:20 (Fig. 23B) dilution; 

Figs. 24A and 24B illustrate electron micrographs of lAPP fibrils after 
incubation with FRA-018 peptide at 1:10 (Fig. 24A) or 1:20 (Fig. 24B) dilution; and 

Figs. 25A and 25B illustrate toxicity of a peptide of the present invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 

For the purpose of the present disclosure,/flie following terms are defined 

below. 

The term "peptidomimetic" includes non-peptide compounds which mimic 
the structural or the functional properties of a peptide. 

20 The term "amyloid related disorders" includes- diseases associated with the 

accumulation of amyloid which caa either be restricted to one organ, "localized . 
amyloidosis", or spread to several organs, "systemic amyloidosis". Secondary 
amyloidosis maybe associated with chronic infection (such as tuberculosis) or 
chronic inflammation (such as rheumatoid arthritis), including a famiUal form of 

25 secondary amyloidosis which is also seen in Familial Mediterranean Fever (FMF) 
and another type of systemic amyloidosis found in long-term hemodialysis patients. 
Localized forms of amyloidosis include, without limitation, diabetes type H and any 
related disorders thereof, neurodegenerative diseases such as scrapie, bovine 
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spongiform encephalitis, Creutzfeldt-Jakob disease, AMieimer's disease, Cerebral 
Amyloid Angiopathy, and prion protein related disorders. This term also includes 
AA amyioidoses, AL amyloidoses, hereditary systeamc amyloidoses, senile 
systemic amyloidosis, cerebral amyloidosis, dialysis-related amyloidosis, and 
5 hormone-derived amyloidoses. 

"Retro isomer" includes molecules, e.g., peptides, having a reversal of the 
direction of ttie peptide bacldjone. 

'Teptides" include isomers thereof; retro or retro-inverso isomers thereof; 
peptidomimetics thereof; all-[D] isomers thereof; all-[L] isomers thereof; a mixture ■ 
10 of[L] and [D] isomers thereof; or salts thereof 

"hiverso isomer" includes molecules, e.g., peptides, having a inversion of 
the amino acid chirality used to make the peptide. 

"Retro-inverso isomer" includes molecules, e.g., peptides, having a reversal 
of both the peptide backbone direction and the amino acid chirality. 

15 "Antifibrillogenic activity" inchides the ability to block or prevent an 

amyloidogenic protein fcosa. forming fibrils, preferably by preventing it from 
adopting its p-pleated conformation, by disrupting protofilament interactions, and/or 
by interfering with the side chain interactions within the folded peptide, which are 
believed to be necessary for aggregation and fibril formation. 

20 The tenn "cytoprotection" or "cytoprotective activity" includes molecules, 

e.g., peptides, having a the ability to protect cells from amyloid-induced toxicity. 

The terms ''antifibrillogenic agenf ' and "inhibitor of fibril formation" are 
used herein interchangeably. 

The present invention provides new antifibrillogenic agents or inhibitors of 
25 fibril formation for controlliog folding or dqrasition of amyloid proteins. The 
present invention also provides methods to prevent or delay the progression of 
diabetes and other amyloidosis disorders. The preseait invention ftirther provides 
small peptides having inhibitory properties, and to provide agents capable of 
controlling lAPP aggregation and amyloid formation. 
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- Antifibrillogemc agents of llie invention for inhibitiag amyloidosis and/or 
for cytoprotection are provided, including peptides such as 
ATQRLANFLVHSSSSNNFGAILSSTN (SEQ ID NO. 1), ATQRLANFLVHSS 
(SEQ BD NO. 2), NVGSNTY (SEQ ID NO. 3) SSNNFGAILSSTN (SEQ ID NO. 4), 

5 ATQRLA (SBQ ID NO. 5), LANFLV (SEQ ID NO. 6), ANFLVH (SEQ ID NO. 7), 
NFLVHS (SEQ ID NO. 8), FLVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID NO. 10), 
SNNFGA (SEQ ID NO. 11), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ ID NO. 
13), GAJLSS (SEQ ID NO. 14). AILSST (SBQ ID NO. 15), ILSSTN (SEQ ID NO. 
16), NVGSNT (SEQ ID NO. 17), and VGSNTY (SEQ ID NO. 18). Preferably, the 

10 peptide is SSNNFG (SEQ ID NO. 10), SNNFGA (SEQ ID NO. 1 1), GAILSS (SEQ 
ID NO. 14), AILSST (SEQ ID NO. 15), LANFLV (SEQ ID NO." 6) or ANFLVH 
(SEQ ID NO. 7). 

In an embodimfflit of the inveatLon, peptides for inhibiting amyloidosis 
and/or fijr cytoprotection are provided, wherein the peptide has a sequence selected 
15 ftom ATQRLA (SEQ ID NO. 5), LANFLV (SEQ ID NO. 6), ANFLVH (SEQ ID 
NO. 7), NFLVHS (SEQ ID NO. 8), FLVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID 
NO. 10), SNNFGA (SEQ ID NO. 11), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ 
ID NO. 13), GAILSS (SEQ ID NO. 14), AILSST (SEQ ID NO. 15), ILSSTN (SEQ 
ID NO. 16), NVGSNT (SEQ ID NO. 17), and VGSNTY (SEQ ID NO. 1 8). 

20 Another embodimisntofthe invention relates to pq)tides for inhibiting 

amyloidosis and/or for cytoprotection, where the peptide binds to a sequence 
selected from ATQRLANFLVHSSSSNNFGAILSSTN (SEQ ID NO. 1), 
ATQRLANFLVHSS (SEQ ID NO. 2), NVGSNTY (SEQ ID NO. 3) 
SSNNFGAILSSTN (SEQ ID NO. 4), ATQRLA (SEQ ID NO. 5), LANFLV (SEQ 

25 ID NO. 6), ANFLVH (SEQ ID NO. 7), NFLVHS (SEQ ID NO. 8), FLVHSS (SEQ 
ID NO. 9), SSNNFG (SEQ ID NO. 10), SNNFGA (SEQ ID NO. 11), NNFGAI 
(SEQ ID NO. 12), FGAILS (SEQ ID NO. 13), GAILSS (SEQ ID NO. 14), AILSST 
(SEQ ID NO. 15), ILSSTN (SEQ ID NO. 16), NVGSNT (SEQ ID NO. 17), and 
VGSNTY (SEQ ID NO. 18), and upon peptide biuding to the sequence, prevents 

30 fbril formation and amyloidosds. 
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The antifibrillogenic agents caa be formulated in a composition for 
inhibiting amyloidosis and/or for cytoprotection, and include a therapeutically 
effective amount of antifibrillogenic agents of the invention in association with a 
phaxmaceutically acceptable carrier. 

5 Another embodiment of the invention relates to compoimds for inhibiting 

amyloidosis and/or for cytoprotection which bind with a peptide as defined above. 
The compounds may be, e.g., an enzyme that binds to or controls the expression of 
the peptide, or an aatibody that binds to the peptide. Such antibody may be specific 
fer the peptide and may be either a monoclonal or polyclonal antibody. 

10 Agents of the invention may be used for the ex vivo preparation of cells, e.g., 

in culture, suitable for transplantation into a mammal, e.g., islet cells, which cells 
are capable of forming amyloid deposits, wherein in tiie prep'aration of the cells to 
be traiisplanted, the ceUs are coiitacted with the antifibrillogenic agent The 
antifibrillogenic agent causes a breakdown of amyloid deposits (the deposits having 

15 been formed by the cells prior to coming in contact with the antifibrillogenic agent). 

The agents of the invention may advantageously be used in treating Type I 
diabetes patients post transplantation, wherein an antifibrillogetiic agent is 
administ^ed to a Type I diabetes patient for inhibiting, prev«iting aod/or reducing 
amyloid deposit formation and amyloidosis. The antifibrillogenic agent may be 
20 administered in conjunction with insulliL 

The antifibrillogeoic agents may also be used in for inhibiting amyloidosis 
and/or for cytoprotection, wherein a therapeutically effective amount of the 
antifibiillogenio agent is administered to a subject, such that the antifiteillogenic 
agent prevents or reduces amyloid deposition; The antifibrillogenic agent may 
25 desirably, be administered by cell therapy or gene therapy wherein the cells have 
been modified to produce and secrete the antifibrillogenic agent Such cells may be 
modified ex vivo or in vivo. 
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The antifibrillogenic agents of the invention naay also be used for imaging 
plaques, in which case the antifibrillogenic agents, eg., peptides, are amyloid 
targeting imaging agents of the following formula: 

At f-Aink4— Aiab (0 

z 

5 where z is 0 or 1 ; At is an antifibrillogenic agent of lAPP fibril formation as 

described herein; Aink is a linker moietj^, and Autb is a labeling moiety. 

Labeling moiety Aiab allows the amyloid targeting imaging agent, once at the 
target site in vivo, to be visualized by instrumentation such as CT, MM, ultrasound, 
radioisotopic or fluorescence detection. The labeling moiety either modulates an 

10 externally applied energy or generates a detectable energy itself. The labeling 

moie^ may be an echogeoic substance in the case of an ultrasoimd contrast agent, a 
paramagnetic metal chelate in the case of an MRI contrast agent, a radioactive atom 
{e.g., radioactive fluorine) or a chelated radioactive metal ion (eg. , lh-1 11) in the 
case of a radionuclide imaging agent, a radio-opaque chelate or compound {e.g. , a 

15 polyiodinated aromatic) for an x-ray contrast agent, or a fluorescent or colored dye 
in the case of an optical imaging contrast agent. In one embodiment labeling moiety 
Aiab may be a metal chelator. In an advantageous embodiment, Ai»b is a 
radionuclide (either a chelate of a metal ion or a single atom) or a paramagnetic 
metal ion chelate. According to one.aspect of the invention, a labeled targeting 

20 molecule-chelator conjugate comprises a labeling moiety Aiat {e.g.,a. radionuclide) 
attached directly to amyloid-targeting moiety At, therefore not requiring the use of a 
lioker moiety. 

Preferably, Aiab includes a radionuclide selected from ^'"I'c, '^Tc, ^Cu, 
^^Cu, ^^Ru, "5pd, '«'Re„^«Ve, "'in, "'"In, ^'^Gd, '°Y, '^'Sm, ^'^o, ^^^Au, '^'Au, 
25 '°Sr, «^Sr, ^°'T1, ^^Gr. ''^Ga. ^Co. ^'Co. '''l or ^«F. 

As an imaging agent, Ajat preferably includes a radionuclide selected from 
the group consisting of Tc and Re. More preferably, Au* is a metal chelate of a 
radioactive or paramagnetic metal ion. 
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In both AD and Type-ll diabetes, amyloid plays a key role. The 
antifibiillogenic agents of the inveation may be peptides, peptidomimetics, 
antibodies, or other compounds, that interact or interfere with either or both regions 
of the amyloidogenic peptide which are involved in amyloid formation, e.g. 
5 ATQRLANFLVHSS (SEQ ID NO. 2) and SSNNFGAILSSrm (SEQ JD NO. 4) in 
the case of the lAPP peptide. The antifibiillogenic agents may also be enzymes that 
bmd to or control the expression of the amyloidogenic pq>tid6. 

When the antifibrillogenic agents arepqptides, all-[D] peptides, alI-[L] 
peptides and peptides which are a mixture of [L] and [D] isomers are included. 

10 Without wishing to be limited to a particular theory or interpretation of how tiie 
invention operated, antifibrillogenic agents are believed to '^interfere" witii the 
amyloidogenic peptide by binding and disnipttng the folding into the amyloidogenic 
p-sheet conformation, disrupting protofilament intocactions, and/or interf^nng with 
the side chain interactions within the folded peptide, wMch are necessary for 

1 5 aggregation and fibril formation. 

The antifibrillogenic agents of the invention may be pq)tides, which can be 
modified or substituted analogs. Some analogs also include unnatural amino adds 
or modifications of N or C terminal amino acids. Unxiatural amino adds include D- 
amino adds, a,a-<]isubstituted amino acids, N-alkyl amino adds, lactic acid, 4- 
20 hydroxyproline, ganma-carboxyglutamsUe, s-N,N,N-trimethyllysine, s-N- 
acetyllysine, 0-phosphoserine, N-acetyiserine, N-fbrmylmethionine, 3- 
methylhistidine, 5-hydroxylysine, fi-N-methylarginine and isoaspartic acid. 

The following teems are used to describe the sequence relationships between 
two or more polynucleotides: "substantial identity", "comparison window", 

25 "sequence identity", "percentage of sequence identily", and "reference sequence." A 
"refer^xce sequence" is a defined sequence used as a basis for a sequence 
coniparison; a reference sequence may be a subset of a larger sequence, for 
example, as a segment of a fiill-length cDNA or gene sequence given in a sequence 
listing, or may comprise a complete cDNA or gene sequence. Generally, a 

30 referectce sequence is at least 18 nucleotides in length. Since two polynucleotides 
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may each (1) comprise a sequence (i.e., a portion of the complete polynucleotide 
sequence) fliat is similar between the two polynucleotides, and (2) may further 
comprise a sequence that is divergent between the two polynucleotides, sequence 
comparisons bettveen two (or more) polynucleotides are typically performed by 
5 comparing sequences of the two polynucleotides over a "coniparison window" to 
identify and compsxe local regions of sequence similarity. A "comparison window", 
as used herein, refers to a concq)tual segment of at least 18 contiguous nucleotide 
positions wherein a polynucleotide sequence may be compared to a referraice 
sequence of at least 1 8 contiguous nucleotides and wherein the portion of the 

1 0 polynucleotide sequence in flie comparison window may comprise additions or 
deletions (i.e., gaps) of 20 percent or less as compared to the reference sequence 
(which does not comprise additions or deletions) for optimal alignment of the two 
sequences. Optimal alignment of sequences for aligning a comparison window may 
be conducted by the local homology algorithm of Smith and Waterman (1981) Adv. 

15 Appl. Math. 2: 482, by the homology alignment algorithm of Needleman and 

Wunsch (1970) J. Mol. Biol. 48: 443, by flie search for similarity method of Pearson 
and Lipman (1988) Proc, Natl. Acad. Sci. (U.S.A.) 85: 2444, by computerized 
implementations of tiuese algorithms (GAP, BESTFIT, FASTA, and TFASTA m Ihe 
Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 

20 Science Dr., Madison, Wis.), or by inspection, and the best alignment (i.e., resulting 
in the highest percentage of homology over the comparison window) generated by 
the various methods is selected. 

The term "sequence identity" means fliat two polynucleotide sequences are 
identical (i.e., on a nucleotide-by-nucleotide basis) over the window of comparison. 

25 The term "percentage of sequeaace identity" is calculated by comparing two 
optimally aligned sequences over tiie window of comparison, determining the 
numba: of positions at which the identical nucleic acid base (e.g., A, T, C, G, U, or 
J) occurs in both sequences to yield the number of matched positions, dividing the 
number of matched positions by the total number of positions in the window of 

30 comparison (i.e., the window size), and multq)lying the result by 1 00 to yield the 
percentage of sequence identity. The terms "substantial identity" as used herein 

-18- 

SUBSTITUTE SHEET (RULE 26) 



wo 02/24727 



PCT/CAOl/01333 



denotes a characteristic of a polynucleotide sequence, wherein the polynucleotide 
cominises a sequence that has at least 85 percent sequence identity, preferably at 
least 90 to 95 paccCTt sequaice identity, more usually at least 99 percent sequence 
identity as compared to a reference sequence over a compaiison ■window of at least 
5 20 nucleotide positions, frequently over a window of at least 25-50 nucleotides, 
wherein the peancentege of sequence identity is calculated by comparing the 
reference sequence to the polynucleotide sequence which may include deletions or 
additions which total 20 percent or less of the reference sequmce over the window 
of comparison. 

10 As applied to polypeptides, the term "substantial identity" means that two 

peptide sequences, when optimally aligned, such as by the programs GAP or 
BESTFir using defeult sap weights, share at least 80 percent sequence identity, 
preferably at least 90 percent sequence identity, more preferably at least 95 percent 
sequence idmtity or more (e.g., 99 percent sequence identity). Preferably, residue 

1 s positions wMch are not identical differ by conservative amino acid substitutions. 
Conservative amino acid substitutions refer to the interdiangeability of residues 
having similar side chains. For example, a group of amino acids haviag aliphatic 
side chains is glycine, alanine, vaUne, leucine, and isoleucine; a group of amino 
acids having aliphatic-hydroxyl side chains is serine and threonine; a group of 

20 amino acids having amide-containing side chains is asparagine and glutamine; a 
group of amino acids having aromatic side chains is phenylalanine, tyrosine, and 
tryptophan; a group of amino acids having basic side chains is lysine, arginine, and 
histidine; and a group of amino acids having sulfiir-containing side chains is 
cysteine and methionine. Preferred conservative amino acids substitution groups 

25 jffe: valine-leucine-isoleucinej phenylalanine-tyrosine, lysine-arginine, alanine- 
valine, and aspara^e-glutamine. 

The term "antibody" or ••immunoglobulin" is used to include intact 
antibodies and binding fragments thereof. Typically, fragments compete with the 
intact antibody from which they were derived for specific binding to an antigen 
30 fragment includmg separate heavy chains, Hgjit chains Fab, Fab' F(ab')2, Fabc, and 
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Fv. Fragments are produced by recoiabinant DNA tecbmques, or by enzymatic or 
chemical separation of intact immunoglobulms. The term "antibody" also includes 
one or more immunoglobalin chains that are chemically conjugated to, or expressed 
as, fiision proteins 'with other proteins. The term "antibody'* also includes bispecific 
5 antibody. A bispecilic or bifiinctional antibody is an artificial hybrid antibody 
having two di£ferent heavy/light chain pairs and two diEGsrent binding sites. 
Bispecific antibodies can be produced by a variety of methods including fusion of 
hybridomas or lioking of Fab' firagments.'See, e.g., Songsivilai & Lachmann, Clin. 
Exp. Immunol. 79:315-321 (1990); Kostehiy et sL, J. Immunol 148, 1547-1553 
10 (1 992). Specific binding betwe«i two entities means an affinity of at least 10^ lO', 
10*, lO^S or 10^^\ AfBnities greater lhan 10* M are preferred. 

A 'pharmaceutical composition" refers to a chemical or biological 
composition suitable for admioistraition to a mammalian individual. Such 
compositions may be specifically formulated for administration via one or more of a 

1 5 number of routes, including but not limited to, oral, parenteral, intravenous, 
intraarterial^ subcutaneous, intranasal, sublingual, intraspinal, 
intracerebroventricular, and the like. A '^pharmaceutical excipient" or a 
"phannaceutically acceptable excipienf ' is a carrier, usually a liquid, in which an 
active therapeutic peptide is fonnulated. The excipient generally does not provide 

20 any phannacological activity to the formulation, tiiough it may provide chemical 
and/or biological stability, release characteristics, and the like. Exemplary 
formulations can be found, for example, ia Remington's Pharmaceutical Sciences, 
19* Ed., Grennaro, A, Ed., 1995, 

Such peptides, proteins or fragments, analogs and other amyloidogenic 
25 peptides may be synthesized by solid phase peptide synthesis or recombinant 

expression, accordtng to standard methods well known in the art, or can be obtained 
from natural sources. Automatic peptide synthesizers may be used, and are 
commercially available from numerous manu&ctuters, such as AppUed Biosystems 
(Peddn Elmer; Foster City, California), and procedures for preparing synthetic 
30 pq[>tides are known in the art. 
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Antifibrillogenic agents of the inventioii may also be derived j&om the 
peptides by substitution of one or more residues in the nasally occurring sequence. 
In another embodiment, the agents are peptidomimetics of the peptides. The agents 
may be modified by removing or insoting one or more amino acid residues, or by 
5 substituting one or more amino acid residues with other amino acids or non-amino 
acid fiagm^ts, such as thienylalanine, cyclohexylalanine and phenyl^ycine. 

The antifibrillogenic agents, e.g., peptides, may be used to actively 
immunize a patient, so that patient after immunization will produce antibodies that 
will recognize the peptide sequence against which they have been raised. 

1 0 Alternatively, peptide antifibrillogenic agents of the invention can be used for 

producing antibodi^ to be administered to patients for passive immunization. The 
antibodies administered (in the case of a passive immunization) or the antibodies 
produced by the patietits (in the case of an active immunization) will recognize a 
sequence on the lAPP corresponding to the sequence against which they have been 

1 5 raised, for inhibiting or reducing plaque formation. 

In one illustrative embodLment, a series of small hexapeptides were 
generated to target an amyloidogenic region of hlAPP, residues 20-29, and their 
effects on p-sheet formation and fibrillar assembly were examined. Pqptides 
SSNNFG (SEQ ID NO. 10) and SNNFGA (SEQ ID NO. 1 1), targeting the proximal 

20 ead of hIAPP (20-29), were foimd to be strong inhibitors of p-sheet fbimation. 
Circular dicfaroism analysis revealed tiiat even when xised at a 1 : 1 molar ratio with 
lAPP, these p^tides maintained blAPP (1-37) in a random coil conformation. 
Negative stain electron microscopy revealed some semi-fibrillar aggregates, and the 
typical high density of lAPP fibrils was not seen. Peptide NFGAIL (SEQ ID NO. 

25 19) from the internal section of hIAPP(20-29) was not inhibitory, but rattier slightly 
enhanced fibril formation by hIAPP. As a result, the fibrillar morphology was more 
dense and complex than lAPP alone. Peptides GAILSST (SEQ ID NO. 20)and 
ADLSST (SEQ ID NO. 15) from the distal portion of hIAPP 20-29 prevented the 
conformational change to P-sheet when used at higher molar ratios. 
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As an non-limiting illustration of the utility of the invention, the following 
types of amyloidosis are described in more detail below. 

AA (reactive) Amyloidosis 

Generally, AA amyloidosis is a manifestation of a number of diseases that 
5 provoke a sustained acute phase response. Such diseases include chronic 
inflammatory disorders, chronic local or systemic microbial infections, and 
malignant neoplasms. 

AA fibrils are generally composed of 8000 dalton fragments (AA peptide or 
protein) formed by proteolytic cleavage of serum amyloid A protein (apoSSA), a 
10 circulating apolipoprotein which is present in HDL complexes and which is 

synthesized in hepatocytes in response to such cytokines as IL-1, JL-S and TNF. 
Deposition can be widespread in the body, with a preference for parenchymal 
organs. The spleen is usually a deposition site, and the kidneys may also be 
a£Eected. Deposition is also common in the heart and gastrointestinal tract. 

15 AA amyloid diseases include, but are not limited to inflammatory diseases, 

such as rheumatoid arthritis, juvenile chronic arthritis, ankylositig spondyUtis, 
psoriasis, psoriatic arthropathy, Reiter's syndrome. Adult Still's disease, Behcet's 
syndrome, and Crohn's disease. AA deposits are also produced as a result of cbrdnic 
microbial infections, such as leprosy, tuberculosis, bronchiectasis, decubitus ulcers, 

20 chronic pyelonephritis, osteomyelitis, and Whipple's disease. Certain malignant 
neoplasms' can also result in AA fibril amyloid deposits. These include such 
conditions as Hodgldn's lymphoma, renal carcinoma, carcinomas of gut, lung and 
urogenital tract, basal cell carcinoma, and hairy cell leukemia. 

AL Amyloidoses 

25 AL amyloid deposition is generally associated with almost any dyscrasia of 

the B lymphocyte lineage, ranging fixjm malignancy of plasma cells (multiple 
myeloma) to benign monoclonal gammopathy. At timeSj the presence of amyloid 
dq)oSits may be a primary indicator of the underlying dyscrasia. 
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Fibrils of AL amyloid dqjosits are composed of monoclonal 
immunoglobulm light chains or fiagments thereof. More specifically, tte fi-agments 
are derived &om the N-terminal region of the light chain (kappa or lambda) and 
contain all or part of the variable (VL) domain thereof. Deposits generally occur iti 
5 the mesenchymal tissues, causing peripheral and autonomic neuropathy, carpal 
tunnel syndrome, macroglossda, restrictive cardiomyopathy, arthropathy of large 
joints, immune dyscrasias, myelomas, as well as occult dyscrasias. However, it 
should be noted that almost any tissue, particularly visceral organs such as the heart, 
may be involved. 

1 0 Hereditary Systemic Amyloidoses 

There are many forms of hereditary systemic amyloidoses. Although they 
are relatively rare conditions, adult onset of symptoms and their inheritance patterns 
(usually autosomal dominant) lead to persistence of such disorders in the general 
population. Generally, the syndromes are attributable to point mutations in the 
1 5 precursor protein leading to production of variant amyloidogenic peptides or 
proteins. Table 1 summarizes the fibril composition of exemplary forms of these 
disorders. 



TABLE 1 



Fibril Peptide/Proiein 




CKiifco/ Syndrome 


"nansftyretih and fisgmnits 

(ATTR) 


Met30,iiianyotlieis 


Familial amyloid pdynenropahty 

(FAP), (Mainly peripheral nerves) 


Transthyretin end fragniKite 
(ATTR) 


1^45. AlaiSO, Ser84, Metl 1 1, 
Ilel22 


Cardiac involvunMit predominant 
wifhout neuippathy 


N-t«nniiial fiagkneiit of 

Apolipoprotein AI (apoAI) 


Arg26 


Familial amyloid polyneuropathy 
(PAP), (mainly peripheral nerves) 


N-tenninal fragment of 
ApoliproprotBin Al (AapoAI) 


Arg26, AigSO, Arg 60, otiiers 


Ostertag-type, non-neuropathic 
Qjredaminaatly visceral 

involvement) 


Lysozyme (Alys) 


•nir56,BHs67 


Ostertag-type^ non-neuropathic 
(predcaninantly visceral 
involvemaii) 


Fibrogen V diain fiagment 


Uu554,Val526 


Qtmial neuropathy vnth lattic 
comeal dystrophy 
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Gelsolin fiagmeat (Agel) 


Asnl87.Tyrl87 


Cranial neuropathy with lattice 
corneal dystrophy 


Cystatin C fiagment 


GM8 


Hereditary cerebral hemorrhage 
(cerebral amyloid angiopathy) - 
Icelandic type 


P-amyloid protein (ap) derived 
from Amyloid Precursor Froteia 
(APP) 


Ghi693 


Hereditary cerebral hemorrhage 
(cerebral amyloid angiopathy) - 
Dutch type 


P-amyloid protein (a^) derived 
&om Amyloid Precursor Protein 

(APP) 


Ile717,Phe717. Gly717 


Familial AlzhratnH's Disease 


P-amyloid protein (ap) derived 
from Amyloid Precursor Protein 
(APP) 


Asn670, Lett671 


Familial Dementia-proljably 
AMieimer's Disease 


Prion Protein (PrP) draivcd from 
Frp precursor protein 
51-91 insert 


Lettl02, Vall67, Asnl78, 
LysZOO 


Familial Creutzfeldt-Jakob disease; 
Gerstmann-Strausslfir-Scheiaker 
syndrome (hereditary spongiform 
encephalopathies, prion diseases) 


AA derived fiom Soum amyloid 
A protein (ApoSSA) 




Fmnilial Mediterranean ftsvtx, 
predominant roial involvement 
(autosomal recessive) 


AA derived &om Serum amyloid 
A prdtecQ (ApoSSA) 




Muckle-Wells syndrome, 
nephrop^y, deafness, urticaria, 

limb pain 


Unknown 




Cardiomyopathy w&i persistent 
atrisl standstill 


Unknown ' 




Cutaneous deposits (bullous, 
pqnilar, pustulodermal) 



"Data derived from Tan & Pqjys, Histopathology, 25(5): 403-414,1994. 



The data provided in Table 1 are exemplary and are not intended to limit the 
scope of the invention. For example, more than 40 separate point mutations in the 
transtiiyretin gene have been described, aU of which give rise to clinically similar 
5 forms of femilial amyloid polyneuropathy. 

Transthyretin (TTR) is a 14 Idlodalton protein that is also sometimes 
referred to as prealbumin. It is produced,by the liver and choroid plexus, and it 
functions in transporting thyroid hormones and vitamin A. At least 50 variant forms 
of the protein, each characterized by a single amino acid change, are responsible for 
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various forms of familial amyloid polyneuropathy. For example, substitution of 
proline for leucine at position 55 results in a particularly progressive form of 
neuropathy; substitution of methionine for leucine at position 111 resulted in a 
severe cardiopathy in Danish patients. Amyloid deposits isolated &om heart tissue 
5 of patients with systemic amyloidosis have revealed that the d^osits are composed 
of a heterogeheous mixture ofTTR and firagments thereof collectively referred to as 
ATTR, the full length 8equ«ices of which have been characterized. ATTR fibril 
components can be extracted from swih plaques and their structure and sequence 
detenmned according to the methods known in the art. 

10 Persons having poiat mutations in the molecule e^olipopiotein Al (e.g., 

Gly-> Aig26; Trp 4-> ArgSO; Lett-> 4 Arg60) esthibit a form of amyloidosis 
("Ostertag type") characterized by deposits of &e protein apolipoprotein AI or 
fragments thereof (AApoAl). These patients have low levels of high density 
lipoprotein (HDL) and present with a peripheral neuropathy or renal failure. 

15 A mutation in the alpha chain of the enzyme lysozyme (e.g., Ile->Thr56 or 

Asp->His57) is the basis of another form of Ostertag-type non-neuropathic 
hereditary amyloid reported in English families. Here, fibrils of the mutant 
lysozyme protein (Alys) are deposited, and patients generally ecdiibit impaired renal 
function. This protein, unlike most of the fibril-forming proteins described herein, 

20 is usually present in whole (unfiiagmented) form. 

P-amyloid peptide (Ap) is a 39-43 amino add pq)tide derived by proteolysis 
fi:om a large protein known as Beta Amyloid Precursor protean (PAPP). Mutations 
in pAPP result in femilial forms of Alzheimer's disease, Down's syndrome and/or 
senile dementia, characterized by cerebral deposition of plaques composed of Ap 
25 fibrils and other components, which are described in further detail below. Known 
mutations in APP associated with Alzheimer's disease occur proximate to the 
cleavage sites of p or gamma-secretase, or within Ap. For example, position 717 is 
proximate to Has site of gamma-secretase cleavage of APP in its processing to Ap, 
and positions 670/671 are proximate to the site of p-secretase cleavage. Mutations at 
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any of these residues may result in Alzheimer's disease, presumably by causing an 
increase in the amount of the 42/43 amino acid form of Ap generated from APP. 
The structure and sequence of Ap peptides of various lengths are well known in the 
art. Such peptides can be made according to methods known in the art (e.g., 
5 Glenner and Wong, Biochem Biophys. Res. Comm. 129: 885-890, 1984; Glenner 
and Wong, BiochemBiophys. Res. Comm. 122: 113 1-1135, 1984). In addition, 
various fonns of the peptides are commercially available. 

Synucleia is a synapse-associated protein fliat resembles an alipoprotein and 
is abundant in neuronal cytosol and presyn^tic terminals. A peptide fragment 
1 0 derived from alpha-synuclein, termed NAC, is also a conoponeint of amyloid plaques 
of Alzheimer's disease. This component also serves as a target fox 
immunologicedly-based treatments of the present invention, as detailed below. 

Gelsolin is a calcium binding protein that binds to fragments and actiti 
filaments. Mutations at position 187 (e.g., Asp-> Asn; Asp->- Tyr) of the protein 

1 5 result in a fomi of hereditary systemic amyloidosis, usually fouud in patients from 
Finland, as well as persons of Dutch or Japanese origia. In afflicted individuals, 
fibrils formed from gelsolin firagments (Agel), usually consist of amino acids 173- 
243 (68 kDa carboxyterminal fiiagment) and are deposited in blood vessels and 
basement membranes, resulting in corneal dystrophy and cranial neuropathy which 

20 progresses to peripl:^al neuropathy, dystrophic skin changes and dq>osition in other 
organs. 

Other mutated proteins, such as mutant alpha chain of fibrinogen (AfibA) 
and mutant cystatin C (Acys) also form fibrils and produce characteristic hereditary 
disorders. AfibA fibrils form dqposits characteristic of a nonneuropatbic hereditary 
25 amyloid wi& renal disease; Acys deposits are characteristic of a hereditary cerebral 
amyloid angiopathy reported in Iceland. In at least some cases, patients with 
cerebral amyloid angiopathy (CAA) have been shown to have amyloid fibrils 
containing a non-mutant form of cystatia C in conjunction with beta protdn. 

Certain forms of prion disease are now considered to be inheritable, 
30 accounting for up to 1 5% of cases, which were previously thought to be 
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predomiaantly infectious m nature (Baldwin, et al., in Research Advances in 
Alzheimer's Disease and Related Disorders, John Wiley and Soiis, New York, 
1995). In such prion disorders, patieuts develop plaques composed of abnormal 
isofonns of the normal prion protdn (PrFSc). A predominant mutant isoform, 
5 FrPSc, also referred to as AScr, difEeis j&ojn the normal cellular protein in ils 

resistance to protease degradation, insolubility after detergent extraction, deposition 
in secondary lysosomes, post-translational synthesis, and high p-pleated sheet 
content. Genetic linkage has been established for at least five mutations resulting in 
Creutzfeldt-Jacob disease (CJD), Gerstmann-StrSussler-Scheinker syndrome (GSS), . 

10 and fatal femilial insomnia (FFl). (Baldwm, supra) Methods for extracting fibril 
peptides from scrapie fibrils, determinuig sequences and making such peptides are 
known m the art. For exanqjie, one form of GSS has been linked to a PrP mutation 
at codon 102, while telencephalic GSS segregates with a mutation at codon 117. 
Mutations at codons 198 and 217 result in a form of GSS in which neuritic plaques 

15 characteristic of Alzheimer's disease contain PrP instead of AjS peptide. Certain 
forms of familial CJD have been associated with mutations at codons 200 and 210; 
mutations at codons 129 and 178 have been found in both familial CJD and FFL 
(Baldwin, supra). 

Senile Systemic Amyloidosis 

20 Amyloid deposition, either systemic or focal, increases with age. For 

example, fibrils of wild type transthyretin (TTR) are commonly found in the heart 
tissue of elderly individuals. These may be asymptomatic, clinically silent, or may 
result in heart failure. Asymptomatic fibrillar focal deposits may also occur in the 
brain (A3), corpora amylacea of the prostate (A/32 microglobulin), joints and 

25 seminal vesicles. 

Cerebral Amyloidosis 

Local deposition of amyloid is conamon in the brain, particularly in elderly 
individuals. The most frequesnt type of amyloid in the brain is composed primarily 
of A]8 peptide fibrils, resulting in dementia or sporadic (non-hereditary) Alzheimer's 
30 disease. In fact, the incidence of sporadic Alzheimer's disease greatly exceeds 

-27- 

SUBSTITUTE SHEET (RULE 26) 



wo 02/24727 



PCT/CAOl/01333 



forms shown to be hereditary. Fibril peptides forming these plaques are very similar 
to (hose described above, with reference to hereditary forms of Alzheimer's disease 
(AD). 

Dialysis-related Amyloidosis 

5 Plaques composed of p2 microglobuliB (Ap2M) fibrils commonly develop in 

patients receiving long term hemodialysis or peritoneal dialysis. P2 microglobulin 
is a 1 1.8 kilodalton polypeptide and is the light chain of Class I MHC antigens, 
which are present on all nucleated cells. Under normal circumstances, it is 
continuously shed from cell membranes and is normally filtered by the kidney. 
10 Failure of clearance, such as in the case of impaired renal function, leads to 
deposition ia the Mdney and other sites (primarily in collagen'-rich tissues of the 
joints). Unlike o&er fibril proteins, AP2M molecules are generally present in 
unfi-agmented form in the fibrils. 

Hormone-derived Amyloidoses 

Endocrine organs may harbor amyloid deposits, particularly ia aged 
individuals. Honnone-secretiag tumors may also contain hormone-derived amyloid 
plaques, the fibrils of which are made up of polypeptide hormones such as 
calcitonin (medullary carciaoma of the thyroid), islet amyloid polypeptide (amylin; 
occurring in mostpatients vnQi Type H diabetes), and atrial ntatriuretic peptide 
(isolated atrial amyloidosis). Sequences and structures of these proteins are well 
known in the art 

Miscellaneous Amyloidoses 

There are a variety of other forms of amyloid disease that are normally 
manifest as localized deposits of amyloid. In general, these diseases are probably 
25 the result of the localized production and/or lack of cataboUsm of ^ecific fibril 
precursors or a predisposition of a particular tissue (such as the joint) for fibril 
deposition. Examples of such idiopathic deposition include nodular AL amyloid, 
cutaneous amyloid, endocrine amyloid, and tumor-related amyloid. 



IS 



20 
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The inventioii, in a particular embodiment, is especially useful for treatment 
of diabetes, e.g., amyloid-related diabetes. The foUowmg description sets this forth 
in more detail. 

Type n Diabetes And lAPP 

5 Primary Structure of lAPP and Fibril Formation 

There are three regions of human lAPP (hIAPP) that have the potential to 
form, fibrils. In addition to the region 20-29, originally described as the 
amyloidogenic region (Betsholtz et al, FEBSLett 251:261-264, 1989) and the 
recent report of hIAPP 30-37 forming fibrils (Nilsson & Raleigh, JMol Biol 

10 294:1375-1385, 1999), the present data indicate that HAPP 8-20 also forms fibrils. 
These more recent findings suggest that 20-29 is not the only amyloidogenic region 
of the sequence. In addition, the fiagmeat, rat lAPP 8-20, which has an arginine at 
position 18 but is otherwise homologous to hiAPP 8-20 formed fibrils in aqueous 
media. 

15 While other studies have shown Segments of hIAPP to form fibrils rapidly 

in aqueous media, the data of the present invention have been obtained util izing a 
preparation of hIAPP ftee of 'seeds' as the starting material (Higham et al., Eur J 
Biochem 267:49^8-5004, 2000) rattier than preparations of undefined solubility. 
Under these conditions, all peptide firagments were initially in random conformation 

20 when examined with CD and had no fibrillar structures present when examined by 
WL. This permitted examination of the effects of pH and counter ions on the 
change in peptide conformation from an unfolded state to the oligomerization and 
formation of fibrils. Previous studies have used HFIP to stabilize lAPP in artificial 
helical conformation or used seeds to generate conformational changes (Kayed et 

25' al. , JMol Biol 287:78 1 -796, 1 999), which may not reflect the situation in vivo. The 
use of preformed seeds could preclude the formation of initial aggregation stages 
important in the in vivo generation of amyloid. 

The three adjacent domains of hIAPP that have amyloidogenic potential may 
have a role in intennolecular binding, oligomerization and fibril formation as well 
30 as interacting to form intramolecular P-sheets. This is the first report of firagments • 
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of rat lAPP (rat lAPP 8-20) forming fibrils. As the 30-37 region of rat lAPP is 
identical in amino acid structure to hIAPP and therefore capable of fibril formation, 
it could be predicted that these two p-strands interact and that rat lAPP should form 
fibrils. The lack of fibril formation &om rat lAPP suggests that the proline 
5 substitutions at rat lAPP 25, 28, and 29 prevent p-stcand formation in this region of 
the peptide; these proline substitations not only inhibit iatetmolecular P-sheet 
fonnation and fibrils but also disrupt intramolecular structure liiat would lead to 
fibril formation. 

The histidine residue at position 13 in AP is important for fibril assembly. 
10' Mutant forms of Ap without histidine residues do not form stractureis larger than 
protofilaments. In rodents His 13 of Ap is replaced with an arginine residue, in a 
similar way to the ArglSHis substitution that occurs in lAPP. This substitution is 
beUeved to contribute to the lack of Ap amyloid in rodents. 

Fibril formation of hIAPP 1-37 was independent of pH although tihe 
1 5 morphology differed. Counter-ions present in the buffer influenced the morphology 
as well as the rate of fibril fonnation. Human lAPP 1-37 formed fibrils at similar 
rates in water and 1 1 mM sodiimi-acetate and on a shorter time scale in 2 mM Tris 
buffer. This was accompanied by a conversion from random to p-sheet 
confoimation as detamined by CD analysis. Human lAPP 1-37 rapidly precipitated 
20 fi-om 2 mM borate, citrate and phosphate buffers with a loss of CD signal. As the 
acetate and citrate buffers and theTcis and phosphiate buffers were similar in ionic 
sbraigefci and imitehfid for pH, the differejloes in effect were attributed to the charge 
or shape of the buffer ions. Citrate and phosphate are more densely charged than 
acetate and Tris respectively. 

25 Binding of zinc to the histidine residue in the Ap p^tide has been proposed 

as an important fector for fibril assenibly. The role of 2dnc in lAPP fibril formation 
was esamined since a high couGentration of zinc is present in the P-cell secretory 
granule that could influence the folding of lAPP. The presence of His 18 was 
shown not to be essaatial as rat lAPP 8-20 also formed fibrils. However, in the 
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presaace of zinc, fragments 18-29 and 20-29 formed longer more loosely packed 
fibrils. These results suggest that zinc is able to affect the packing of peptide 
fiiagments into piotofilameats and assembly of piotofilammts into fibrils 
' independently of any interaction it may have with His 1 8. The highly charged zinc 
5 ion could interact mfh hydrophobic residues preventing lateral aggregation. 

Secondary structure propensities of hIAPP 

Due to the difficulty in obtaining a soluble state of hIAPP at high 
concentration, a crystal structure has not been determined. Previous studies 
examining secondary structure predictions have produced various potential 
10 conformations forhlAPP (Hubbard etai, Biochem 7275:785-788, 1991; Saldanha 
& Mahadevan, Protein Eng 4:539-544, 1991). 

Structure predictions indicate that an alpha helix should be present at the N- 
terminus of hIAPP. However, the CD data in this study indica.te that hIAPP is 
usually found either in a random coil state, a p-sheet, or precipitated from solution 

15 (Highameffl/.,Fe&sieff 470:55-60, 2000). Only m the presence of helix 

promoting solveats (TFE, HFIP) does it ejchibit alpha helical nature (Higham et al., 
Febs Lett 470:55-60, 2000). This suggests rather that hIAPP, in vitro, does not 
retain its native structure or that hIAPP is tmstructured and, under appropriate 
conditions, assumiK a p-sheet structure moire easily than other conformations. 

20 Alternatively, blAPF in vivo could exist as a random coil structure and circulate 
bound to a earner to maiatain stability. Althou^ the secondary structures predicted 
by algorithms are based on knom structures, &ey cannot predict whether a 
molecular conformation is kineticaUy accessible and therefore posdble to attain in 
vitro or in vivo. 

25 The conformations determined separately for different domains of the 

peptide.may not represent that existing in the intact molecule Eonce fi-agmentation 
rranoves tertiary contacts and fibril formation of separate firagments may occur 
under conditions where the Ml-length sequence does not jform fibrils. Rat lAPP 8- 
20 will form fibrils but the fiill-length rat lAPP does not However, despite the 
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limitations of both secondary structure predictions and the difficulties of inference 
of structure fcom fragm^ts these methods can be used to model peptides. 

Proposal of a Model for hlAPP Fibril Formation 

The presence of tsvo/three p-strands in the hIAPP sequence suggests that a 
5 small p-sheet is at liie core of the monomeric stracture. This could be stabilized by 
. side chain hydrogen bondiug between the uncharged polar side chains of asparagine 
and/or ghitemine residues. 

Fibril formation of hIAPP is independent of pH and counter ions and is 
driven by hydrophobic interactions. In the hIAPP sequence, 1 1 of 37 residues are 

10 hydrophobic. Increased hydrophobicity during the initial stages of hIAPP fibril 
formation has been demonstrated (Kayed et al, JMolBiol 287:781-796, 1999) 
suggesting that protofilament and fibril assembly exposes hydrophobic groups. 
Uncharged polar residues such as glutamine, serine, asparagine and threonine 
participate in side chain hydrogen bonding. Griffiths et al. (Griffiths et al., Journal 

1 5 of the American Chemical Society 12:3539-354, 1995) suggested that residues 24-27 
form a highly ordered antiparallel p-sheet structure when examined as a 20-29 
firagment. 

A new amyloidogenic domain of hIAPP has been identified using a series of 
overlapping peptide firagments. These results provide a new iosight into molecular 

20 sequences important in amyloid fibril formation. Although the hIAPP 20-29 

domain is clearly important, it is unlikely to act in isolation and other lAPP regions 
must contribute to formation/stabilization of the p-sheet conformation and the 
accompanying aggregation and fibril formation. 

The results presented herein show that there are at least two regions of lAPP 

25 involved in fibril formation, one P-pleated sheet region (LAPP 20-29) and one 

region of previously unknown fimction (lAPP 8-20). The antifibrillogenic agents of 
the present iuvention can act by iateracting or interfering with either or both regions. 

The fibril forming abiUty of hIAPP was pH msensitive, suggesting that the 
transition of lAPP in vivo fixjmthe P-cell secretory granule (pH 5.5) to the 
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extracellular space (pH 7.4) does not have a significant effect on the conformation 
of the peptide. It is more likely that changes in the granule components or in tbie 
extracellular environment, which are unique to Type II diabetes, allow fibril 
formation to occur. The p-ceU granule contains more than 30 identified proteins 

5 and has high concentrations of both 2dnc and calcium. Intracellular molecular 
crowding could be essential &r maintenance of hIA?P in its native conformation or 
inhibition of aggregation. Changes which promote 'seeding' of amyloidogenic 
firagments or conformational teatrangements of intact hIAPP 1-37 initiate the 
progressive deposition of secreted lAPP as amyloid deposits and detraction of 

10 insulin-secreting cells. Siniilarly, crowding e£fects in the extracellular space in the 
early stages of Type H diabetes due to hypersecretion fi^om the P-cells could result 
in increased concentration of hIAPP and aggregation leading to fibril formation. 

The ultimate goal in the present invention is to control the disease process to 
prevent delay or reverse ttie progression of Alzheimer's disease, (Kabetes or other 

1 5 amyloidosis disorders. Non-limiting examples of amyloidosis disordeas are cerebral 
angiopathy, secondary amyloidosis, femilial Mediterranean fever, Mucld&-Wells 
syndrome, primary amyloidosis, femilial amyloid polyneuropathy, hereditary 
cerebral hemorrhage, chronic hemodialysis-associated amyloidosis, and prion 
disorders such as Qceutzfeld-Jacob disease and Gertsmann-Straussler-Scheinker 

20 syndromfi. 

In accordance with the invention, a series of lAPP-derived peptide firagments 
has been identified. These firagments have the ability to bind to the Ml-length 
protein and prevent normal folding and amyloid fibril formation. The activity of 
these inhibitors has been assessed, as detailed hereinbelow, using a series of 
25 biophysical techniques that include protein spectroscopy, fluorescence assays and 
electron microscopy. 

The following section describes particularly active antifibrillogenic agents 
that have been noted by the inventors, which have been refined using mutational 
analysis to identify key residues and to define the smallest active domaiiL 
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Exemplification/Experimental 
Fig. 1 illustrates the sequence of the amyloid-p (Ap) peptide and its 
proposed structural domains. A peptide-based approach similar to that used for Ap 
(Tjemberg, et al, J Biol Chem 272:12601-12605, 1997) has been used for targeting 
5 two key domains in lAPP initially ranging from the 8-20 and 20-29 sequences as 
shown in Fig. 2. These peptides, as has been shown for Ap peptides, are able to 
bind to the full-length lAPP peptide and alter fibrillogenesis. The peptides disrupt 
fibrillogenesis by disrupting the folding into the amyloidogeaiic p-sheet 
coniformation, disrupting protofikment interactions, and/or interfering with side 

10 chain interactions wifliin the folded lAPP, which are necessary for aggregation and 
fibril formation. The peptides that have been examined (shown in Fig. 2) were 
small, synthetic hexapeptides that correspond to the principal sequence domains of 
lAPP. These peptides were evaluated in vitro and the most active sequetices were 
identified. The in vitro assays included; Circular Dichroism (CD), to look at 

15 changes in folding of the amyloidogeoic p-sheet; negative stain electron microscopy 
CBM) to racamine changes in fibril morphology and relative density, and ThT 
fluorescence assay which provides a quantitative assessment of fibril formation. 

In the present application, the following experimental jawcedures have been 

used. 

20 Peptide Syntibesis and Supply 

Synthetic human lAPP (1-37) was purchased from BACHEM (Torrence, 
CA), ^thetic peptides spaumng the region from lAPP 8 to 20 and 19-31 (Fig. 3) 
were synthesized by flie Peptide Synthesis Laboratory at the University of Toronto 
using standard FMOC (Fluoroenyhnethoxycarbonyl) based solid phase peptide 

25 synthesis methodology. The peptides were purified by reverse phase HPLC using 
water/acetonitrile mixtures buffered with 0.1% trifluoroacetic acid, on aPOROS 
20R2 cdluion. The synthetic peptides were solubilized in 1 10% HFIP (1 mg/ml), 
filtered (0.2 pm), aliquotted and lyophilized OEIigham, CE., et al, FEBSLett. 470: 
55-60, 2000). Aliquots wrae reconstituted as required in 20 mM sodium acetate 

30 buffer pH 6.5. 
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Circular Dichroism Spectroscopy (CD) 

CD was used to measure the peptide conformational changes associated withi 
fibril formation. CD e3q)erimKits were carried out at room temperature, and spectra 
(average of 5 scans) were collected using a Jasco J720 spectrqpolarimeter and 
5 quartz cuvettes wi& a path length of 1 nun. 

Transmission Electron Microscopy (TEM) 

TEM was used for structural analysis of in vitro assembled fibrils. Aliquots 
(4 H.1) were appHed to pioloform and carbon coated grids. The samples were 
incubated on the grids for 3 minutes at room tempearature, excess material blotted off 
1 0 and stained with 1 % phosphotungstic acid (PTA), Excess PTA was blotted off and 
Hos sano^le was left to air dry. All samples w^e examined using a Hitachi 7000 
electron microscope with an accelerating voltage of 75 kV. 

Sedimentation Assay 

Aliquots of lyophilized hIAPP 1-37 were dissolved in 20 mM acetate bufSa: 
15 (pH 6.5) to 1 1 |iM and incubated in a total volume of 500 \l\ at room temperature. 
Tyrosine emission spectra were collected (emission wavelength 275 nm) on a 
Beckman DU530 spectrophotometer for each sample at time 0. Following a 24 hour 
incubation at room temperature, the soluble and aggregated peptides in each sample 
were separated by centrifugation at 16,000 g for 20 mimites, and &e emission 
20 spectra were measured on the soluble j&actions. The samples were tiien vortexed to 
resuspend the entire contents of each tube, and wore incubated for an additional 24 
hours. This process was repeated for a total of72 hours of incubation. For co- 
incubation experiments, hIAFF was incubated with a 10 fold excess concentration 
(110 nM) of the inhibitory peptides SNNFGA (SEQ ID NO. 11), and GADLSS 
25 (SEQ ID NO. 14). 

In preliminary work the series of peptides were synthesized from the 20-29 
domain and examined, via CD, EM and ThT fluorescence, at two molar ratios (1:10 
and 1 :20) in comparison to the fUn-length lAPP residues 1-37. The following data 
(Figs. 5 A to 5D, 6A to 6C and 7A to 7B) wae obtained. 
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JRESULTS 

When dissolved in 20 mM acetate buffer, full-length hIAPP exhibits a , 
characteristic CD spectra for random coil structure. A conformational change from 
random coil to p-sheet was measured following a 48-hour incubation at room 
5 tecnperature (Fig. 3 A). The addition of peptides SSNNFG (SEQ ID NO. 10),- 
SNNFGA (SEQ ID NO. 1 1), NNFGAI (SEQ ID NO. 12% FGAILS (SEQ ID NO. 
13), GAILSS (SEQ ID NO. 14), AILSST (SEQ ID NO. 15), and ILSSTN (SEQ ID 
NO. 16) at a 1 :1 0 (dashed line) or 1 :20 (dotted line) molar ratio did not cause an 
attenuation of signal at time 0 demonstrating that these peptides had no eS&Sl on the 

1 0 initial random structore of lAPP ^ig. 3B) thus suggesting that these peptides did 
not cause an attenuation of signal due to precipitation of lAFP following 
aggregation. Time 0 data for SSNNFG (SEQ ID NO. 10) is shown, hi contrast to 
the other peptides, iociibation of lAPP with a 10 fold excess of NFGAE. (SEQ ID 
NO. 19) induced as seen in Fig^ 3C a conformational change at time 0 (dashed line), 

1 s and a 20 fold excess (dotted line) had a more pronounced effect by producing a 
conformational change from random coil to p-sheet. Therefore, the peptide 
NFGAIL (SEQ ID NO. 19) caused an immediate change in CD spectra at time 0 
from a random coil structure to an intermediate conformation between random coil 
and p-sheet. This data suggests that rather than having inhibitory properties, peptide 

20 NFGAIL (SEQ ID NO. 19) may actually enhance lAPP fibril formation, and that 
the region contained within this peptide sequence may be intrinsic to the 
amyloidogenic properties of lAPP. In Fig. 3A, hIAPP (1-37) incubated in 20 mM 
acetate buffer pH 6.5 appeared as a random coil at time 0 (solid hne). Following a 
4S-hour incubation the random coil stmcture underwent a transition to a p-sheet 

25 (dashed line). 

Changes in the CD spectra for lAPP were examined following prolonged 
incubation with individual hexapeptides. lAPP was incubated with each of the 
peptides shown in Figs. 4A to 4D. CD spectra were recorded for 24-72 hours. 
Previous studies have demonstrated that lAPP jBbrillogenesis can occur over a range 
30 ofpH values from acidic to neutral pH. Therefore, only one condition (pH 6.5), 

-36- 

SUBSTITUTE SHEET (RULE 26) 



wo 02/24727 



PCT/CAOl/01333 



midway between the acidic pH of the P cell secretory granule (pH 5.5) and the 
extracellular space (pH 7.4) was chosen for lliese experiments. For the purpose of 
brevity, the data from a select few peptides will be shown using a 48-hour 
incubation as a standard incubation period. Peptides NNFGAI (SEQ ID NO. 12), 
5 FGAILS (SEQ ID NO. 13) and BLSSTN (SEQ ID NO. 16) had Uttte efEect on the 
ability of hIAPP (1-37) to form a P-sheet (Fig. 4A). The CD spectra indicated 
precipitati<m of the pi^tide from solution in the presence of a 10-fold molar excess 
of NNFGAI (SEQ JD NO. 12). lacubation of lAPP with a 10 fold molar excess of 
NNFGAI (SEQ ID NO. 12) had flius no effect on aggregation or precipitation of 

10 hIAPP (dashed line). M fact, in Fig. 4A, certain peptides such as NNFGAI (SEQ ID 
NO. 12) had little effect on the ability of lAPP (1-37) to form a p-sheet following a 
48 hour incubation. CD spectra for lAPP indicated praapitation of the peptide from 
solution following the aggregation of the peptide (solid hne). A 20-fold molar 
SKCess of this peptide was required to maintain lAPP in a random conformation 

15 (dotted line) suggesting tiiat NNFGAI (SEQ ID NO. 12) has little, if any, inhibitory 
properties (Fig. 4A). Peptides SSNNFG (SEQ ID NO. 10) and SNNFGA (SEQ ID 
NO. 1 1) were capable of maintaining lAPP in a random conformation. Both 
peptides were effective inhibitors even when used at low conceiltiations (Fig. 4B). 
Peptides GAILSS (SEQ ID NO. 14) and AILSST (SEQ ID NO. 15) were able to 

20 prevent the attenuation of signal due to precipitation of lAPP (Figs. 4C and 4D). 

In Figs. 4C and 4D, peptides GAILSS (SEQ ID NO. 14) and AILSST (SEQ 
ID NO. 15) were botii very strong inhibitors of lAPP p-sheet transition and the 
accompanying aggregation whai used at either a 1:20 (dotted line) or a 1:10 (dashed 
line) molar ratio. 

25 Following incubation with the hexapeptides, tiie morphology of lAPP was 

examined by negative stain election microscopy. la Fig. 5 A the inhibitory peptide 
is tiie fiill-lengtix lAPP (1-37) fibrils. Full-length hIAPP (1-37) forms fibrillar 
assemblies composed of mxiltiple protofibrils ,(Fig. 5A). These structures are 
defined by the dense collections of lAPP fibrils having a mesh-Uke morphology. 

30 The addition of peptides NNFGAI (SEQ ID NO. 12), NFGAIL (SEQ ID NO. 19), 
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and FGAILS (SEQ ID NO. 13) had no effect on the morphology of lAPP fibrillar 
aggregates. The peptide NFGAIL (SEQ ED NO. 19) (20 fold molar excess) 
appeared to enhance lAPP aggregation leading to a more complex and denser mesh 
of fibrils (Fig. 5B). la Figs. 5C and 5D, the inhibitory peptides GAILSS (SEQ ID 
6 NO. 14) (Pig. 5C) and SNNFGA (SEQ ID NO. 1 1) (Fig. 5D) caused a disruption in 
lAPP fibrillar structure. Incubation of lAPP with a 10- or 20-fold molar excess of 
eiliier GAILSS (SEQ ID NO. 14) or SNNFGA (SEQ ID NO. 11) did not completely 
prevent fibril formation. CD analysis demonstrated that the majority of lAPP in 
these samples was maintained in a random conformation when incubated in the 

10 presence of these inhibitors. The hIAPP fibrillar aggregates that did form when 
incubated with these pq)tides were altered in appearance (Figs. 5C and 5D). The 
fibrils were less numerous and more threadlike. In addition, the typical dense 
aggregation was not observed, suggesting that the aggregates that managed to form 
did not act as nuclei for additional fibrillogenesis. In Figs. 5A, 5B and 5D, the scale 

15 bars represent 1 \xm, whereas ia Fig. 5C, th.e scale bar represents 0.5 im. 

As a result of CD spectral analysis, peptides SNNFGA (SEQ ID NO. 11), 
GAILSS (SEQ ID NO. 14), and AILSST (SEQ ID NO. 15), demonstrated the 
greatest inhibition of lAPP fibril formation. Therefore, further experiments were 
carried out to determine their relative inhibition at lower concentrations. Peptide 

20 SNNFGA (SEQ ID NO. 11) retained its inhibitory properties when reduced to a 5- 
fold molar ratio (dotted line) or an equimolar concentration (dashed line) with LAPP. 
This was demonstrated by its ability to prevent the lAPP p-sheet conformational 
change from a random coil (Fig. 6A). Peptide GAILSS (SEQ ID NO. 14) was also 
a very strong inhibitor when used at reduced concentrations (Fig. 6B). GAILSS 

25 (SEQ ID NO. 14) showed properties similar to those of SNNFGA (SEQ ID NO. 
1 1), in that it was also equally inhibitory when the concentration was reduced to 
either a 5-fold excess (dotted line) or a 1:1 molar ratio (dashed line). Ia contrast, the 
peptide AILSST (SEQ ID NO. 15) was able to maintain hIAPP as a random coil 
peptide when used at a 5-fold molar excess (dotted line), but was no longer 

30 ibhibitoiy when the concentration was fiulhra: loweared to a 1 : 1 molar ratio (dashed 
line)(Fig, 6C). In agreement with these data, lAPP fibril morphology was altered 

-38- 



SUBSTITUTE SHEET (RULE 26) 



wo 02/24727 



PCT/CAOl/01333 



even when inhibitor concentrations were reduced (Figs. 6 A to 6C). Peptides 
GAILSS (SEQ E> NO. 14) and SSNFGA (SEQ ID NO. 21) were both effective 
inhibitors ofnormallAPP fibrillar aggregation. The fibrillar structuies that 
inJ&equently form in the presence of these peptides were elongated and ribbon-like, 
5 and they did not asseanble into tihe dense mesh-like structures seen for lAPP alone, 

Sedimeotation assays were performed to confirm the results from CD and 
electron microscopic analysis (Figs. 7A and 7B) on the ability of peptides SNNFGA 
(SEQ ID NO. 1 1) and GAILSS (SEQ ID NO. 14) to inhibit lAPP fibril formation. 
hIAPP (1 1 nM) was incubated for a period of 72 hours in 20 mM acetate buffer 
10 alone, or with a 10 fold excess (110 ^M) of the peptides. 

In Figs. 7 A and 7B, lAPP was incubated for 48 hours with peptides at a 
concentration of 1:1 (GAILSS (SEQ ID NO. 14)) or 1:5 (SNNFGA (SEQ ID NO. 
1 1)) respectively. In Fig. 7A, the scale bar represents 0.5 pm, whereas the scale bar 
in Fig. 7B represents 1 (jm. 

15 A tyrosme scan was used to determine the amoimt of soluble hIAPP 

remaining in solution after a 72-hour mcubation. As shown m Fig. 8, the amount of 
hIAPP alone in solution at time 0 was set at 1 10%, and all other conditions were 
normalized to this value. Following a 24-hour incubation, the amount of soluble 
hIAPP had reduced to 8%. However, when hlAPP was incubated in the presence of 

20 the peptide SNNFGA (SEQ ID NO, 1 1), tiie amount of lAPP remaining in solution 
was proximately 15%, and in the presence of peptide GAILSS (SEQ ID NO. 14), 
more than 80% of the hIAPP remained in solution. By 4S hours, the blAPP 
incubated alone was no longs: soluble and was not detectable using a tyrosine scan. 
However, approximately 25% of the hIAPP was still measured when co-incubated 

25 with either peptide. Similarly, after 72 hours approximately 20% of the hIAPP was 
still soluble in the sample co-iacubated wiflx peptide SNNFGA (SEQ ID NO. 1 1) or 
GAILSS (SEQ ID NO. 14). 

As detailed previously, hexapeptides derived from the proximal end of 
hIAPP 20-29 (SSNNFG (SEQ ID NO. 10) and SNNFGA (SEQ ID NO. 1 1)) were 
30 Strong inhibitors of P-sheet formatioa Incubation of hIAPP (1-37) with either a 1 :5 
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or 1 : 1 concentration of SNNFGA (SEQ ID NO. 1 1) was sufBoient to prevent p- 
sheet formation. In addition, while this fragment could not completely inhibit fibril 
formation, aggregates that were formed displayed an altered morphology and 
appeared as loosely associated ribbon-like stnictuies. This suggests that the 
5 interaction of hlAFP with the Serine and Asparagine residues at the end of these 
peptides altered nonnal fibril assembly. When compared to the other peptides (see 
Fig. 2) the majority of the inhibition appears to be lost once these residues are 
removed. Therefore, it is likely that these residues have an effect on lAPP 
fibrillogenesis. 

10 Wlien hIAPP was incubated with peptides targeting the more distal portion 

of the sequence (20-29), it was foimd that these fragments were potent inhibitors of 
p-sheet formation. Peptides GAE^S (SEQ ID NO. 14) and AILSST (SEQ ID NO. 
1 5) were both cs^able of maintaining the majority of hIAPP in a random coil 
conformation even at molar ratios as low as 1 :S or 1 : 1 . The morphology of tiie 

1 5 fibrils that did form in the presence of these peptides was altered; the fibrils formed 
were less numerous as well as s^essang to be elongated thin threads as opposed to 
the densely packed groups of fibrils observed when hIAPP is incubated alone. 

It has been suggested that a lack of clearance of lAPP following secretion 
(Clodi, M., et al.. Am. J. Physiol. 274: E903-E908, 1998) and/or an incomplete 

20 processing of pro-IAPP in patients with Type-II diabetes may provide an 

environment that enhances fibrillogenesis (Higham, CE., et al, Eur. J. Biochem. 
Wl\ 4998~5004, 2000). One possibility is that the overabundance of lAPP could act 
as "seeds" for fibrillar assembly and aggregation (Higham, CE., et al., Eur. J. 
Biochem. 267: 4998-5004, 2000; Kahn, SE., et al. Diabetes 46: 1725-1727, 1997; 

25 and Clark, A., et al, Diabetologia 36: A136, 1993). It was observed that when 
hIAPP was incubated in the presence of inhibitory peptides SSNNFG (SEQ ID NO. 
iO), SNNFGA (SEQ ID NO. 11), GADLSS (SEQ ID NO. 14),and AILSST (SEQ ID 
NO. 15), that along with other changes to morphology, there was an absence of 
fibrillar aggregates which could act as seeds for extra fibrillar assembly. These data 

30 were also supported by sedimoitetion experiments tiiat demonstrated tiiat the 
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inhibitory peptides SNNFGA (SEQ ID NO. 11) and GAILSS (SEQ ID NO. 14) 
were able to maiatein IAlPP in a soluble form for a longer period of time, and 
thereby attenuated Has formation of fibrillar aggregates. Has could be thought of as 
an additional iahibitory effect of tiie hejtapeptides since not only are the fibrils less 
5 likely to fom the typical dense meshes of insoluble hIAPP, it may be more difficult 
for hIAPP aggregates to form at all in the absence of these nuxjleating seeds. Further 
support of iMs seeding hypothesis was observed whea lAPF was incubated with the 
short peptide NFGAIL (SEQ ID NO. 19). The immediate increase in the 
development of fibrils in the presence of this short peptide demonstrates the 
1 0 capadty of certain pq}tides to enhance fibrillogenesis. 

. lAPP Toxicity Assay 

IUN-1056A cells were plated into 96 well plates at a density of 2 x 10'* 
cells/well in Dulbecco's Modified Eagle Medium (DMEM) (Gibco-BRL) 
supplemented with 5% Fetal calf senm (Gibco-BRL), 100 U/ml penicillin (Gibco- 

15 BRL), and 100 U/ml streptomycin (Gibco-BRL). After an initial 24 h of culture, 
cells received fresh medium containing 10 jiM hIAPP or rat lAPP alone, or in 
combination with 200 ]xU SNNFGA (SEQ ID NO. 11). Cells in control wells 
received fresh medium only. Cells were incubated with peptide at 37°C, 5% CO2, 
for 24 hours, after which alamar Blue (1/1 0th volume) was added to each well. Cells 

20 were incubated in the presence of alamar Blue (MEDICORP, Montreal) for a period 
of 8 hours, and data was collected at 2 hour intervals. The fluorescence of the 
samples was measured using a SpectraMAX Gemini XS Mioroplate 
Spectrofluorometer (Molecular Devices) with an excitation wavelength of 544 nm 
and an emission wavelength of 590 nm. Data were collected using the SoftMax Pro 

25 3.1 software for Macintosh. 

RESULTS 

He toxicity of hIAPP fibrils on irancreatic p cell lines has been well 
documented. B3q>6riments were carried out to detennine whether the inhibitory 
peptide SNNFGA (SEQ ID NO. 1 1) could not otdy inhibit fibril formation but also 
30 decrease the cytotoxic ejects of hIAPP fibrils on pancreatic p ceUs. RIN2056 cells 
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WCTe incubated for 24 hours in the presence of 10 fxM hIAPP alone or in the 
presence of the peptide SNNFGA (SEQ ID NO. 1 1). An aJ^tmar Blue assay was 
used to quantitatively measure the proliferatimi of Ihe cells, and compare tbie 
cytotoxic effects of various additives to the cultures. As shown in Fig. 25A, the 
5 addition of hIAPP to RIN1056 cells produced a 35-40% decrease in cell viabihty 
compared to ceUs ia culture medimn alone (controls). Co-incubation of peptide 
SNNFGA (SEQ ID NO. 11) with hIAPP resulted in a significant improvement in 
cell mbility compared to hIAPP alone. In addition, it was also observed that this 
peptide is not directly toxic to pancreatic p cells in culture (Fig. 2SB). 

1 0 Peptides derived jfirom the 8-20 region of lAPP 

Similar escperimeats as detailed previously have been conducted with the 
following peptides derived firom the 8 to 20 region of lAPP (see Fig. 2): 





ATQRLA(SEQIDNO, 5) 


[FRA-012] 




TQRLAN (SEQ ID NO. 22) 


[FRA-013] 


15 


QRLANF (SEQ ID NO. 23) 


[FRA-0143 




RLANFL (SEQ ID NO. 24) 


[FRA-015] 




LANFLV(SEQIDN0.6) 


[FRA-016] 




ANFLVH(SEQIDN0.7) 


[FRA-019] 




NFLVHS (SEQ ID NO. 8) 


[FRA-017] 


20 


FLVHSS (SEQ ID NO. 9) 


[EElA-018] 



These peptides were tested for their effects on conformation. From the 
circular dichroism results, and as can be seen on Figs. 9A to 16B, only the peptides 
FRA-012, FRA-016, FRA-019, FRA-017, and FRA-018 have inhibitory activity. In 
fact, Fra-012 displayed limited inhibition at higher concentration. Fra-013 

25 displayed enhanced formation of the beta-sheet conformation at a 1 0-'fold molar 
excess but possibility of a random coil at higher conceatrations; however the signal 
is highly attenuated so tins might be the result of extensive precipitation at the 
higher concentrations. Fra-014 displayed similar behavior to that seen for FRA- 
013. FRA-OIS displayed enhanced lateral aggregation (ribbon structures) similar to 

30 FELA-013 and FRA-014. Fra-016 displayed relatively good inhibition as shown by 
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retcaition of the majority of the lAPP peptide as a random coil at a 10-fold molar 
excess. However, ERA-016 displayed a better activity at higher concentrations. 
FRA-019 maintai n ed a random coil inhibition and spears to be similar to the 
LANFLV (SEQ ID NO. 6) (FRA-016) in terms of activity. ERA-017 displayed 
s limited inhibitory activity, FRA-018 displayed some moddstinMbition (comparable 
to FRA-019 and FRA-017). 

CD findings were confirmed by negative stain electron microscopy, which 
dranonstrated that the peptides fell into defined groups (see Figs. 17A to 24B). 

When tested for their ability to increase or decrease aggregation, FRA-013, 
10 FRA-014, and FRA-015 significantly accelerated aggregation and produced fibrils 
that were large, twisted structures. These were not observed in the control lAPP and 
were similar to those typically seen upon the addition of a gUycosaminoglycan m the 
case of Aj3. FElA-012 and FRA-017 had only Umited eflBscts on the density and 
morphology of the fibrils that were formed. 

15 EM of FRA-016 demonstrated the disruption of normal fibrils at 10-fold 

excess to produce only truncated, semi-fibrillar aggregates (see Figs. 21 A and 21B. 
Some fibrils were also seen at the 20-fold molar ratio. 

For FRA-019, the inhibition (see Figs. 22A and 22B) was confirmed with 
lower density of lAPP fibrils and morphology was of much thinner protofibrils, 
20 which is consistent witib the CD resulte . 

Hiose skilled in the art will recognize, or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the specific procedures 
described herein. Such equivalents are considered to be within the scope of the 
25 present invention and are covered by the following claims. The contents of all 
references, issued patents, and published patent applications cited throughout this 
application are hereby incorporated by reference. The appropriate components, 
processes, and methods of those patents, applications and other documents may be 
selected for the present invention and embodiments thereof ^ 
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CLAIMS 

What is dahned is: 

i. An aatifibriUogenic agent for inhibiting amyloidosis and/or for 

cytoprotection, comprising a peptide selected from the group consisting of 

5 ATQRLANFLVHSSSSNNFGAILSSTN (SEQ ID NO. 1), 

ATQRLANFLVHSS (SEQ ID NO. 2), NVGSNTY (SEQ ID NO. 3), 
SSNNFGAILSSTN (SEQ ID NO. 4), ATQRLA (SEQ ID NO. 5), LANFLV 
(SEQ ID NO. 6), ANFLVH (SEQ ID NO. 7), NFLVHS (SEQ ED NO. 8), 
FLVHSS (SEQ ID NO, 9), SSNNFG (SEQ ID NO. 10), SNNFGA (SEQ ID 

10 NO. 1 1), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ ID NO. 13), GAILSS 

(SEQ ID NO. 14), AILSST (SEQ ID NO. 15), ILSSTN (SEQ ID NO. 16), 
NVGSNT (SEQ ID NO. 17), and VGSNTY (SEQ ID NO. 18), an isoma: 
thereof, a retro or a retro-inverso isomer fhereoil^ a peptidomimetic thereof or 
a salt thereof. 

15 2. The aatifibriUogenic agent ofclaiml, wherein said pepti^^ 

(SEQ ID NO. 10), SNNFGA (SEQ ID NO. 1 1), GAILSS (SEQ ID NO. 14) 
or AILSST (SEQ ID NO. 15). 

3. The antifihriUogenic agent of claim 1, wherein said peptide is LANFLV 
(SEQ ID NO. 6) or ANFLVH (SEQ ID NO. 7). 

20 4. The antifibrillogenic ageat of claim 1, wherein said agent is an all-[D] 
isomer of said peptide. 

5. The antifibrillogenic agent of claim 1, wherein said agent is an allr[L] 
isomer of said peptide, 

6. The antifibrillogenic agent of claim 1, wherein said agent contains a mixture 
25 of [L] and [D] isomers of said peptide. 

7. A peptide for inhibiting amyloidosis and/or for cytoprotection, said peptide 
comprising a sequence selected from the group consisting of ATQRLA 
(SEQ ID NO. 5), LANFLV (SEQ ID NO. 6), ANFLVH (SEQ ID NO. 7), 
NFLVHS (SEQ ID NO. 8), ELVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID 
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NO. 10), SNNFGA (SEQ ID NO. 1 1), NNFGAI (SEQ ID NO. 12), FGAILS 
(SEQ ID NO. 13), GAILSS (SEQ ID NO. 14), AILSST (SEQ ID NO. 15), 
ILSSTN (SEQ ID NO. 16), NVGSNT (SEQ ID NO. 17), aad VGSNTY 
(SEQ ID NO. 18); an isomer theiwf, a retro or a retro-inverso isomer 
5 thereof a pqptidomimetic thereof or a salt thereof. 

8. The peptide of claim 7, wherein said peptide is SSNNFG (SEQ ID NO. 10), 
SNNFGA (SEQ ID NO. 1 1), GAILSS (SEQ ID NO. 14) or AILSST (SEQ 
ID NO. 15). 

9. The peptide of claim 7, wherein said peptide is LANFLV (SEQ ID NO. 6) or 
10 ANFLVH (SEQ ID NO. 7). 

10. A peptide, an isomer thereof, a retro or a retro-inverso isomer thereof, a 
peptidordmetic thereof, or a salt thereof, for inhibiting amyloidosis and/or 
for cytoprotection, wherein said peptide binds to a sequence selected from 
the group consisting of ATQRLANFLVHSSSSNNFGAILSSTN (SEQ ID 

15 NO. 1), ATQKLANFLVHSS (SEQ ID NO. 2), NVGSNTY (SEQ ID NO. 

3), SSNNFGAILSSTN (SEQ ID NO. 4), ATQRLA (SEQ ID NO. 5), 
LANFLV (SEQ ID NO. 6), ANFLVH (SEQ ID NO. 7). NFLVHS (SEQ ID 
NO. 8), FLVHSS (SEQ ID NO. 9), SSNNFG (SEQ ID NO. 10), SNNFGA 
(SEQ ID NO. 1 1), NNFGAI (SEQ ID NO. 12), FGAILS (SEQ ID NO. 13), 

20 GAILSS (SBQ ID NO. 14), AILSST (SEQ ID NO. 15), ILSSTN (SEQ ID 

NO. 16), NVGSNT (SEQ ID NO. 17), and VGSNTY (SEQ ID NO. 18), 
whereupon said binding, fibril foimation and/or amyloidosis are prevented. 

11. The peptide of claim 10, wh^dn said sequence is SSNNFG (SEQ ID NO. 
10), SNNFGA (SEQ ID NO. 11), GAILSS (SEQ ID NO. 14) or AILSST 

25 (SEQ ID NO. 15). 

12. The peptide of claim 10, wherm said sequence is LANFLV (SEQ ID NO. 
6) or ANFLVH (SEQ ID NO. 7). 

13. The peptide of claim 10, wherein said amyloidosis is lAPP-related. 
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14. The peptide of claim 10, wherein said amyloidosis is Type I or Type n 
diabetes. 

15. A composition for inhibiting amyloidosis and/or for cytoprotection, 
comprising a therapeutically effective amount of the peptide of claim 7 in 

5 association with a pharmaceutically acceptable carrier. 

16. A compound for inhibiting amyloidosis and/or for cytqprotection, wherein 
said compound binds with the pqptide of claim 7. 

1 7. The conqjound of claim 1 6, wherern said eompoimd is an enzyme that binds 
to or controls the expression of the peptide. 

10 18. The compound of claim 16, y/bsxem said compound is an antibody that 
binds to the peptide. 

19. The compound of claim 18, wherein said antibody specifically binds to the 
peptide. 

20. The compound of claim 19, wherdn said antibody is a monoclonal antibody. 
15 21. The compound of claim 1 6, wherein said compound is a salt. 

22. A labeled conjugate for in vivo imaging of amyloid deposits, comprising a 
conjugate of formula I: 

At — (-Ahjk4— Aiab 00 

z 

where z is 0 or 1; At is the antifibrillogenic agent of claim 1; Abk is a linker 
20 moiety; and Aiab is a labeling moiety that allows for said in vivo imaging. 

23 . The labeled conjugate of claim 22, wherein said agent is an all-p)] isomer 
peptide. 

24. The labeled conjugate of claim 22, wherein said agent is an a]l-[L] isomer 
peptide. 

25 25 . The labeled conjugate of claim 22, wherein A^ab is a radiolabeling moiety. 
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26, The labeled conjugate of claim 25, wherein Aiab is selected from tlie group 
consisting of^c, ^Tc, ^Cu, ^'^Cu, '^Ru, "^d, ^«^Re, ^^^Re, "^Jn, "^'"In, 
'^Gd, ^^Sm. '""Ho, ^"^Au. ^»Au, '"Sr. «'Sr, ^^^Tl, ''Cr, <"Ga, 
."Co,«'Co,'^^I,>^"4and^«F. 

5 27. The labeled conjugate of claim 25, wherein said amyloid deposits comprise 
lAPP amyloid. 

28. The labeled conjugate of claim 25, wherein said amyloid deposits are 
associated with Type I or Type n diabetes. 

29. A composition for in vivo imaging of amyloid deposits, comprising a 

10 therapeutically effective amount of the labeled conjugate of claim 22, and a 

pharmaceutically acceptable cairier. 

30. A composition for the treatment of amyloidosis disorders in a patient, 
comprising a therapeutically effective amount of the pntifibrillogetuc agent 
of claim 1, and a pharmaceutically acceptable carrier. 

15 31. A method for the treatment of amyloidosis disorders in a patient, comprising 
administering to said pati^t a th^peutically effective amount of the 
antLBbiillogenic agent of claim 1 . 

32. The method of claim 31, wherdn said amyloidosis disorder is lAPP-related. 

33. The method of claim 31, wherdn said amyloidosis disorder is Type I or 
20 Type n diabetes. 

34. A method for the treatment of amyloidosis disordea:s in a patient, comprising 
administering to said patient a therapeutically effective amount of the 
coQQ)osition of claim 30. 

35. The method of claim 34, wherein said amyloidosis disorder is lAPP-related. 

25 36. The method of claim 34, wherein said amyloidosis disorder is Type I or 
Type n diabetes. 
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37. The method of claim 31, wherein said composition is administered in 
conjunction with another agent selected from the group consisting of insulin, 
sulfonylurea and ghicose sensitizers. 

38. A process for the preparation of cells suitable for transplantation into a 

5 mammal, which cells are enable of forming amyloid deposits, said process 

comprising contacting the cells in vitro with the antifibrilloganc agent of 
claim 1 for inhibiting amyloid deposit formation. 

39. The process ofclaim 38, wherein said antifibrillogenic agent causes 
breakdown of amyloid deposits, the dq)osits having been formed by said 

10 cells prior to said contact. 

40. The process of claim 38, wherein said cells are cultured in the presence of 
said antifibrillogenic agent. 

41. The process of claim 38, wheretn said £unyloid dq)osits comprise LAPP 
amyloid. 

15 42. The process of claim 38, wherein said amyloid deposits are assodated with 
Type I or Type n diabetes. 

43. The process of claim 38, whereia said cells, prior to treatment, are 
susceptible to forming amyloid deposits. 

44. The process of claim 38, wherein said cells, prior to treatment, form amyloid 
20 deposits. 

■ 45. Cells suitable for transplantation into a mammal, which have been prepared 
by the process of claim 38. 

46, A method for treating a Type I diabetes patient after transplantation, said 
method comprising the step of administering in vivo to said patient the 

25 antifibrillogenic agmt of claim 1 for inhibiting, preventing and/or reducing 

amyloid dq)osit fonnatidn and amyloidosis, 

47. . The method of claim 46, wherein said amyloid deposit formation and/or 

amyloidosis is lAPP-related. 
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48. The method of claim 46, wherein said composition is administered in 
conjtmction with another agent selected from tbe group consistibag of insulin, 
sulfonylurea and glucose sensitizeis. 

49. A method for inhibiting amyloidosis and/or for cytoprotection, comprising 
5 administering to a subject a therapeutically effective amount of the 

antifibrillogenic ageat of claim 1, wherein said antifibriJlogenic agent 
prevraits or reduces amyloid deposition. 

50. The method of claim 49, wherein said antifibrillogenic agent is administered 
by cell therapy or gene therapy, wherein cells have been modified to produce 

10 and secrete the antifibrillogenic agent. 

5 1 . The method of claim 50, wherein said cells have been modified ex vivo. 

52. The method of claim 50, wherein said cells have been m0difi.ed in vivo. 

53. The mefliod of claim 49, wherein said amyloidosis or amyloid deposition is 
lAPP-^related. 

1 5 54. The method of claim 49, wherein said amyloidosis or amyloid deposition is 
Type I or Type H diabetes. 

55. The method of claim 49, wherein said composition is administered in 

conjunction with another agent selected fixmi the groiip consisting of inusulin, 
sulfonylurea and glucose sensitizers. 
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56. Use of an emtiflbrillogenic agent as defined 
In claim 1, 2, 3, 4, 5 or 6 for inhibiting amyloidosis 
and/or for cytoprot action. 

57. Use of an antif ibrillogenic agent as defined 
in claim 1, 2, 2, 4, 5 or 6 for the manufacture of a 
medicament for inhibiting amyloidosis and/or for 
cyt ©protect ion . 

58. Use of a peptide as defined in claim 7, 8,. 9, 
10, 11, 12, 13 or 14 for inhibiting amyloidosis and/or 
for cytqprotection. 

59. Use' of a peptide as defined in claim 7, 8, 9, 
10, 11, 12, 13 or 14 for the manufacture of a 
medicament for inhibiting amyloidosis and/or for 
cytpprotectionr. 

60. Use of, a labeled conjugate as <[efined in claim 
20, 21, 22,- 23, 24, 25, 26, 27 or 28 for in vivo 
imaging- of amyloid deposits. 

61. - Use of a labeled conjugate as defined in claim 
20, 21, 22; 23, 24, 25, 26, 27 or 28 for the 
manufacture of a composition for in vivo imaging of 
amyloid deposits . 
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